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HEPATECTOMIE PARTIELLE ET RESISTANCE AUX BROLURES 


V. VARIATIONS DE L’ACIDE ASCORBIQUE ET DU POIDS DES 
SURRENALES! 


Par L. P. DuGAt Et A. DEsSMAralIs 


Abstract 


The changes in adrenal ascorbic acid and weight have been studied in four 
groups of animals: (1) partially (65%) hepatectomized rats, (2) partially hepatec- 
tomized ones, burned six hours after operation, (3) sham operated controls, and 
(4) sham operated controls burned six hours after operation. Results show 
slight but significant differences in ascorbic acid concentration and adrenal weight 
between Group 2, in which the mortality is higher, and the other groups: 
ascorbic acid concentration is a little lower in the first 24 hr. after burns, and 
adrenal weight becomes higher only 48 hr. after burning. 


Dans des travaux précédents, nous avons montré que l’hépatectomie par- 
tielle diminue la résistance du rat blanc aux brfilures (4). Afin de trouver une 
explication 4 ce phénoméne, nous avons entrepris d’étudier la régénération 
du foie aprés les brfilures (5), l’influence du jefine sur la mortalité des animaux 
partiellement hépatectomisés et brfilés (article sous presse), les variations de 
la glycémie (2 et article sous presse) et de l’azote-a-aminé du sang total (3). 


Le présent travail est consacré a |’étude des variations de l'acide ascorbique 
et du poids des surrénales chez des rats blancs partiellement hépatectomisés 
et leurs témoins opérés a blanc, brfilés et non brflés. 


Protocole expérimental 


Des lots de rats albinos, tous mfles et de poids équivalents (125 a 145 
grammes) ont été divisés en quatre groupes: (1) témoins opérés a blanc, non 
brfilés; (2) témoins opérés a blanc et brfilés; (3) hépatectomisés (65%), non 
brfilés; (4) hépatectomisés (65%) et brfilés. Six heures aprés les opérations, 
les animaux des groupes 2 et 4 furent brfilés suivant une méthode standard 
que nous avons déja décrite (4). 


L’extraction et les dosages de l’acide ascorbique ont été effectués par la 
méthode de Bessey et King (1), a des intervalles de 0, 6, 12, 24, 48, 72, 96 et 
120 heures aprés les brfilures, et 4 des périodes correspondantes pour les non 


1 Manuscrit recu le 30 novembre 1948, 


Contribution du Département de Recherches en Acclimatation, Institut d’Hygiéne et de 
Biologie Humaine, Faculté de Médecine, Université Laval. 
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brfilés. Les surrénales, prélevées sous anesthésie a l’éther, étaient d’abord 
déposées sur un papier filtre, soigneusement débarrassées du tissu adipeux 
adhérent, pesées, puis déposées dans le mélange d’extraction. L’ensemble de 
ces opérations ne dure pas plus que quatre minutes. 

Les résultats que nous allons exposer sont basés sur des moyennes obtenues 


des dosages et pesées effectués sur les surrénales de 10 animaux au moins, soit, 
pour toute l’expérience, prés de 400 animaux. 


Résultats 
(1) Acide ascorbique (mg. par gr. de tissu frais) 

La concentration normale de l’acide ascorbique dans les surrénales, chez 
les animaux de 135 4 145 grammes, est de 4.60 + 0.34 mg. 

Les résultats obtenus apparaissent dans le tableau ci-joint. Nous voyons 
que la concentration diminue au cours des six heures qui suivent l’opération: 
l’abaissement est de 35.8% de la valeur normale chez les témoins et de 33.4% 
chez les hépatectomisés. Au moment des brfilures (point 0), hépatectomisés 
et témoins ont donc des concentrations d’acide ascorbique sensiblement 
identiques. 

TABLEAU I 


I, ACIDE ASCORBIQUE (MG. PAR GR. DE TISSU FRAIS). NORMALE: 4.60 + 0.34* 
II. Pomws DES SURRENALES (EN MG.). NORMALE: 14.6 + 1.5 









































Heures Témoins non briilés Témoins brfilés 
aprés les 
brdlures I II I II 
0 2.95**+ 0.19 | 24.9 + 1.7 2.95**+ 0.19] 24.9 + 1.7 
6 3.85 + 0.28] 25.5 + 3.0 3.31 + 0.30} 29.3 + 2.3 
12 3.80 + 0.30] 29.6 + 2.4 3.45 + 0.29; 31.6 + 2.4 
24 3.67 +-0.2%6| 27:5 + 2.3 2.86**+ 0.26] 29.0 + 2.4 
48 4.03 + 0.34] 28.1 + 2.1 4.78 + 0.41] 32.1 + 2.4 
72 4.12 + 0.36] 29.4 + 2.2 3.54 + 0.30] 33.1 + 2.6 
96 3.88 + 0.32] 28.3 + 3.1 4.04 + 0.32] 32.6 + 2.6 
120 4.04 + 0.33! 30.1 + 2.2 4.14 + 0.34| 34.3 + 2.7 
Hépatectomisés, non brifilés Hépatectomisés briilés 
I II I II 
0 3.06**+ 0.21] 23.9 + 1.7 3.06%*+ 0.21) 23.9 + 1.7 
6 3.69 + 0.38] 30.3 + 2.4 3.o"" 0.28| 29.8 + 2.3 
12 3.58 + 0.29] 29.8 + 2.4 2.77%*+ 0.26| 32.2 + 2.6 
24 3.33 + 0.30 ga.2 = 2.4 3.11%*+ 0.27 28.4 + 2.2 
48 4.48 + 0.36] 29.7 + 2.2 4.25 + 0.34} 29.6 + 2.3 
72 4.25 + 6.33) 30.7 + 2.2 3.85 + 0.31] 37.3 + 3.2 
96 4.27 + @.21 | 31.7.2 2.3 3.84 + 0.29] 35.4 + 2.9 
120 3.89 + 0.29} 32.8 + 2.4 3.72 &= 6.25) 41.5 + 30 
* Erreur probable. 


** Ecarts de la normale statistiquement significatifs. 
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A partir du point 0, la concentration augmente chez tous les groupes, sauf 
les hépatectomisés brfilés ot l’abaissement se continue jusqu’A 12 heures 
aprés les brflures, pour atteindre une valeur minima de 39.7%. Aprés 120 
heures (cing jours), les valeurs se sont progressivement rapprochées de la 
normale chez tous les groupes. 

L’analyse statistique de ces résultats nous a montré que les moyennes 
obtenues sont trés significatives; les valeurs de ‘‘?’”’ sont toutes comprises 
entre 2.2 et 6.8, ce qui indique une probabilité de 95% et plus. Les différence$ 
entre les groupes, considérées 4 quelque moment que ce soit aprés les brfilures, 
sont peu considérables et n’ont pas de valeur statistique. 

Il est intéressant de noter que le groupe des hépatectomisés brfilés est le seul 
chez lequel toutes les valeurs de la concentration, au cours des 24 premiéres 
heures aprés les brfillures, nt un écart de la normale statistiquement signi- 
ficatif. 


Nos résultats, chez les animaux brfilés, confirment ceux de Ludewig (8) et 
de Long (6, 7). 


(2) Poids des surrénales 


Le tableau ci-joint (Tableau I) donne aussi les variations du poids des 
surrénales, exprimées en mg., chez ces mémes animaux. Le poids de ces organes 
chez les animaux normaux témoins est de 14.6 + 1.5 mg. 


Nous constatons, dans les six heures qui suivent les opérations, une forte 
augmentation du poids des surrénales, 4 peu prés identique chez les témoins 
et chez les hépatectomisés, soit 63.7% pour ces derniers et 70.1% pour les 
premiers. Aprés les brflures, l’augmentation est moins rapide; a la fin de la 
période expérimentale, nous avons les valeurs suivantes, exprimant le poids 
acquis depuis le moment des brfilures (point 0): 


po ne eer ee 37.2% 
pe ae ee - 37.7% 
Hépatectomisés non brfilés..................... 20.9% 
SN II aoc iea Cacsecdecsdccceues 73.6% 


Cette augmentation, qui dissocie des trois autres groupes celui des hépatec- 
tomisés brfilés, est acquise de 48 4 120 heures aprés les brfilures. Avant 
48 heures, l’évolution est la méme dans les quatre groupes, et c’est la période 
importante, puisque, nous l’avons déja montré (4), c’est au cours des 48 
premiéres heures aprés les brfilures que la mortalité est la plus forte chez les 
hépatectomisés brfilés. 


Interprétation 


Alors que nous nous attendions 4 des différences considérables dans le 
niveau de l’acide ascorbique et le poids des surrénales entre les hépatectomisés 
brfilés et les autres groupes, l’ensemble des résultats montre qu’il n’en est 
rien. Les seules différences observées entre les hépatectomisés brfilés et les 
trois autres groupes sont les suivantes: un abaissement un peu plus marqué et 
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significatif de la concentration en acide ascorbique au cours des 24 premiéres 
heures aprés les brfilures; une plus grande augmentation du poids des sur- 
rénales, se produisant seulement 48 heures aprés les brfilures. Ces différences 
ne nous permettent pas d’apporter a notre probléme une solution définitive. 

L’ensemble de nos résultats souléve la question de la relation entre l’intensité 
du ‘‘stress’’ et celle de la réponse des surrénales. De plus, il est nécessaire de 
noter que, chez les hépatectomisés brfilés, la survie s’améliore 4 mesure que 
progresse la régénération hépatique. Si nous empruntons a nos travaux 
précédents les chiffres obtenus sur la survie des hépatectomisés (4) et la 
régénération du foie (5) aprés les brfilures, nous obtenons le tableau suivant, 
montrant que la mortalité régresse 4 mesure que le foie régénére. 














=: = 
Période, heures Mortalité, % Régénération, % 
0 - 24 24.0 1.3 
24 - 48 11.0 19.5 
48 - 72 9.0 17.6 
72 - 96 9.0 4.3 
96 — 120 1.0 8.3 











Tout se passe comme si I’intégrité de la fonction hépatique était nécessaire, 
soit pour assurer la capacité réactionnelle des tissus 4 la sécrétion corticale, 
soit pour activer les hormones corticales. Les récents travaux de Roberts 
et Szego (9) ont montré que le foie joue un réle dans |’activation des oestrogénes, 
probablement en assurant la formation d’un composé soluble dans l’eau entre 
ces substances et une protéine d’origine hépatique. Le foie ne pourrait-il 
jouer un rdle semblable dans Il’activation des stéroides corticaux? C’est 
hypothése qui ressort de nos travaux sur l’hépatectomie partielle et la résist- 
ance aux brfilures. Les expériences en cours nous permettront de vérifier si 
une telle hypothése est fondée, et peur-étre d’éclairer d’un jour nouveau les 
relations entre la fonction hépatique et la réaction surrénalienne d’adaptation. 
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LIPIDS OF THE NERVOUS SYSTEM DURING 
IN VITRO DEGENERATION! 


By A. C. Jonnson, A. R. McNaAss, AND R. J. ROssITER 


Abstract 


The changes in the concentration of lipids during the in vitro degeneration of 
cat brain slices and sciatic nerve have been determined after incubation in 
bicarbonate buffer for periods of time from 1 to 14 days. In brain slices 
incubated for 14 days there was a great decrease in the concentration of total 
phospholipid with no change in the concentration of cerebroside or total choles- 
terol. Of the individual phospholipids, there was a decrease in the concentration 
of sphingomyelin and cephalin and no significant change in the concentration of 
lecithin. In sciatic nerve incubated for eight days, there was a significant 
decrease in the concentration of cephalin and a decrease of borderline signi- 
ficance in the concentration of total phospholipid. There was no significant 
change in the concentration of cerebroside, free or total cholesterol, sphingo- 
myelin, or lecithin. Thus in tissue of the nervous system, there appears to be a 
phospholipid-splitting mechanism, possibly enzymatic in nature. 


Introduction 


In previous reports on the changes in lipid concentration during the in vitro 
autolysis of tissue from the nervous system, brain only was used and only a 
limited number of the lipid components were estimated. In this investiga- 
tion, the concentration of cerebroside, free and total cholesterol, total phos- 
pholipid, lecithin, sphingomyelin, and cephalin was determined during in 
vitro degeneration of both brain slices and peripheral nerve. 

Changes in lipid content of nerves degenerating in vivo have been reported 
by Mott and Halliburton (16), May (14), Falk (4), Randall (19), and Johnson, 
McNabb, and Rossiter (8). Investigations on the lipids of cat sciatic nerve 
during Wallerian degeneration (Johnson et al. (8) ) seemed incomplete without 
carrying out parallel in vitro studies. Monckeberg and Bethe (15), Nageotte 
(17), and Cajal (2) showed that the histological changes of nerves autolyzing 
in vitro were typical of those found in Wallerian degeneration. 

As far as we know, there are no reports in the literature on the lipid content 
of autolyzed nerve. However, there are some data on the concentration of 
lipids of brain tissue during autolysis. Simon (21), Stamm (24), and Fries, 
Schachner, and Chaikoff (5) reported a hydrolysis of phospholipids during 
incubation. The most recent work is that of Sperry (22), who found a 
constant decrease in the concentration of total phospholipid in homogenates 
of rat brain. Jungmann and Kimmelstiel (10) reported that cerebroside 
decreased and inorganic phosphorus increased in autolyzing rabbit brain. 
None of the above workers estimated the individual phospholipids. 


1 Manuscript received January 7, 1949. 


Contribution from the Department of Biochemistry, University of Western Ontario, 
London, Ont. The research was supported by a grant from the National Research Council of 
Canada. 
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Methods 
Autolysis of Brain 

The brain of a cat was removed as soon as possible after death. With 
aseptic precautions brain slices were cut from each frontal lobe, one side 
providing the tissue for the control, the other side the sample for autolysis. 
The slices were transferred to two tared sterile Thunberg tubes, each contain- 
ing 3 ml. of either Krebs bicarbonate buffer, pH 7.4, or bicarbonate buffer 
with isotonic saline. The Krebs bicarbonate buffer contained the cations, 
sodium, potassium, calcium, and magnesium, and the anions, chloride and 
phosphate, in approximately physiological proportions, while the only ions, 
other than bicarbonate, present in the bicarbonate buffer with isotonic saline 
were sodium and chloride. To each tube was added asa preservative sufficient 
merthiolate to give a final concentration of 1/5000. After reweighing, the 
Thunberg tubes were gassed with a mixture of either 5% carbon dioxide in 
nitrogen or 5% carbon dioxide in oxygen. The tube containing the sample to 
be incubated was placed in a 37° C. water bath for periods of time. varying 
from 1 to 14 days. Immediately after gassing, the brain slices in the control 
tube were removed and extracted with a 1 : 1 ethyl alcohol — ether mixture as 
outlined previously (Johnson, McNabb, and Rossiter (6) ). 

The tubes were not regassed during incubation and after 14 days the pH, 
determined by glass electrode, had not changed. After incubation, a sample 
of the medium was taken for bacterial culture, the slices removed, and the 
lipids extracted as described for the controls. 


Autolysis of Nerve 

Both sciatic nerves of a cat were removed with aseptic precautions and 
treated in a similar manner to the brain slices. The nerve to be incubated 
was transferred to a Thunberg tube containing Krebs bicarbonate buffer and 
gassed with a mixture of 5% carbon dioxide in nitrogen. The tube was placed 
in a water bath at 37° C. for eight days. An incubation period of eight days 
was selected for it corresponded to one of the intervals used in the experiments 
on degeneration of nerves in vivo (Johnson et al. (8) ). 


Estimation of Lipids 

The methods adopted for the estimation of the lipids were the same as 
those described previously (Johnson et al. (6)). The concentration of 
cerebroside, free and total cholesterol, total phospholipid, monoaminophos- 
phatide, and lecithin was determined and from these figures was calculated 
the concentration of ester cholesterol, sphingomyelin, and cephalin. It has 
been shown that the coefficient of variation of the over-all procedures were as 
follows: cerebroside + 3.5%, free cholesterol + 0.9%, total cholesterol 
+ 0.9%, total phospholipid +1.3%, monoaminophosphatide + 1.6%, 
lecithin + 5.1%, sphingomyelin + 11.9%, and cephalin + 3.9%. Since 


So ethics seat 


Alan ah ah Sn sl 











JOHNSON ET AL.: LIPIDS OF NERVOUS SYSTEM IN DEGENERATION 65 


the estimations on brain were done in triplicate and those on nerve in duplicate, 
the probable error of each observation was, therefore, less than the above 
figure. 


Results 


The results were recorded as the difference between the concentration of 
each individual lipid in the control sample and the concentration of the same 
lipid in the incubated sample, expressed as a percentage of the control. Five 
or six experiments were done in each group and the mean and standard error 
of the mean presented for each lipid (Tables I to IV). The variation from 


TABLE I 


MEAN PERCENTAGE CHANGE IN LIPIDS OF CAT BRAIN, INCUBATED 24 HR. 
IN CO.-Nez MIXTURE (FIVE EXPERIMENTS) 



































Bicarbonate buffer with saline Krebs bicarbonate buffer 
Mean Mean - 
change (%) S.E.M. P change (%) S.E.M. P 
Cerebroside + 0.28 + 5.70 >0.9 —10.30 +4.26 >0.05 
Free cholesterol + 5.38 + 7.35 >0.4 + 0.72 +2.11 >0.6 
Total cholesterol + 4.52 + 6.54 >0.5 — 0.10 +3.01 >0.9 
Total phospholipid + 7.30 + 9.80 >0.5 — 7.50 +4.55 >0.1 
Lecithin —18.70 +15.54 >0.2 + 2.68 +1.18 >0.05 
Sphingomyelin + 0.34 +16.24 >0.9 — 1.90 +9.65 >0.8 
Cephalin — 3.02 +10.90 >0.7 —13.10 +4.44 <0.02 
TABLE II 


MEAN PERCENTAGE CHANGE IN LIPIDS OF CAT BRAIN, INCUBATED SEVEN DAYS 
IN KREBS BICARBONATE BUFFER (FIVE EXPERIMENTS) 














CO:/Ne CO:/O- 
Mean Mean 
change (% S.E.M. P change (%) S.E.M. P 
Cerebroside + 4.02 + 8.00 >0.1 — 1.80 +19.05 >0.9 
Free cholesterol — 7.08 + 7.25 >0.2 — 1.40 + 3.51 >0.7 
Total cholesterol — 6.90 + 6.93 >0.3 — 0.30 + 3.97 >0.9 
Total phospholipid —14.38 + 4.74 <0.05 — 30.30 + 5.44 <0.01 
Lecithin + 6.20 + 7.05 >0.4 —13.26 +12.78 >0.3 
Sphingomyelin — 8.50 +20.95 >0.7 —48.72 +13.54 <0.01 
Cephalin —29.82 + 6.45 <0.02 — 36.24 + 5.32 <0.01 























experiment to experiment was great. This is brought out in the tables by 
the high value of the standard error of the mean. 

There was no significant change in the concentration of lipids of brain 
slices incubated for 24 hr. in bicarbonate buffer with normal saline (Table 1). 
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TABLE III 


MEAN PERCENTAGE CHANGE IN LIPIDS OF CAT BRAIN, INCUBATED 14 DAYS 
IN KREBS BICARBONATE BUFFER (CO.—-N2 MIXTURE) 


























No. Mean 
observations change (%) S.E.M. P 
Cerebroside 5 — 5.16 +18.15 >0.8 
Free cholesterol 6 + 1.38 + 2.65 >0.6 
Total cholesterol 6 + 3.44 + 2.08 >0.1 
Total phospholipid 6 —52.66 +10.20 <0.01 
Lecithin 4 —18.90 +16.76 >0.3 
Sphingomyelin 5 —58.40 + 9.40 <0.01 
Cephalin 4 —46.00 +10.28 <0.05 
TABLE IV 


MEAN PERCENTAGE CHANGE IN LIPIDS OF CAT SCIATIC NERVE, INCUBATED EIGHT 
DAYS IN KREBS BICARBONATE BUFFER (CO.—-N2 MIXTURE) 














No. Mean 
observations change (%) S.E.M. P 
Cerebroside 5 — 9.58 11.57 >0.4 
Free cholesterol 6 + 0.08 + 6.13 >0.9 
Total cholesterol 6 + 0.07 + 5.78 >0.9 
Total phospholipid 6 —21.20 + 9.10 <0.1 
Lecithin 5 —17.10 +15.10 >0.3 
Sphingomyelin 5 —14.50 +11.50 >0.2 
Cephalin = —27.60 + 8.12 <0.05 














When Krebs bicarbonate buffer was used, with the exception of cephalin, 
there was still no significant change in lipid concentration. That there was 
no significant difference between the percentage change in the total phospho- 
lipid concentration when the brain was incubated in bicarbonate buffer with 
saline and when it was incubated in Krebs bicarbonate buffer confirms the 
work of Sperry (22) on rat brain homogenates. 


A great decrease in fotal phospholipid, sphingomyelin, and lecithin was 
observed in brain slices accidentally contaminated with Clostridium welchit. 
These results are interesting, since this microorganism has been shown to 
hydrolyze lecithin and sphingomyelin (MacFarlane and Knight (13), 
MacFarlane (12) ). Other contaminating organisms did not produce this 
change. All samples that gave a positive culture were discarded. 


There was a significant decrease in total phospholipid, sphingomyelin, and 
cephalin after incubation for seven days in Krebs buffer in carbon dioxide — 
oxygen mixture, whereas only total phospholipid and cephalin were decreased 
significantly when the oxygen of the gas mixture was replaced by the nitrogen 
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(Table Il). However, when the means of the values obtained for each lipid 
in carbon dioxide and nitrogen were compared with those obtained for the 
corresponding lipid in carbon dioxide and oxygen, no significant difference in 
the results was found. The drawing of any conclusion concerning a difference 
in behavior between slices incubated in oxygen and those incubated in nitrogen 
is, therefore, questionable. 

When autolysis in carbon dioxide and nitrogen was prolonged to 14 days, 
there was a significant decrease in concentration of total phospholipid, sphingo- 
myelin, and cephalin with no significant change in the concentration of 
lecithin (Table III). The concentration of cerebroside and cholesterol did 
not change significantly even after 14 days. 

In Fig. 1 is presented the percentage change in the ‘‘essential lipids’’ i.e. 
cerebroside, total cholesterol, and total phospholipid. Each point is the 
mean percentage change of all samples incubated for similar periods of time 
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Fic. 1. The percentage change in ‘essential lipids’ t.e. cerebroside, total cholesterol, and 
total phospholipid after incubation in bicarbonate buffer at 37° C. Each point represents the 
mean of 10 observations except of those for 14 days, which represent the mean of six observations. 


regardless of buffer or gas mixture. It can be seen that, whereas there was a 
great decrease in total phospholipid, there was no change in cerebroside or 
total cholesterol. Fig. 2 shows the percentage change of the individual 
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phospholipids. There was a great change in the concentration of sphingo- 
myelin and cephalin and no significant change in the concentration of lecithin. 

In sciatic nerve, incubated for eight days in Krebs bicarbonate buffer, 
there was a significant decrease in cephalin and a decrease of borderline 
significance in total phospholipid (Table IV). There was no significant 
change in the concentration of cerebroside, free or total cholesterol, sphingo- 
myelin, or lecithin. 
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Fic. 2. The percentage change in phospholipids after incubation in bicarbonate buffer 
at 37°C. Each point represents the r:an of 10 observations except those for 14 days, which 
represent the mean of six observations. 


Discussion 


When a peripheral nerve undergoes Wallerian degeneration there is little 
change in the concentration of cerebroside, free cholesterol, or sphingomyelin, 
the substances that we have previously suggested are the principal lipids of 
the myelin sheath of nerve (6, 7, 9), or in the concentration of cephalin, during 
the first eight days after nerve section (8). When the nerve had autolyzed 
for eight days in vitro, there was a significant decrease in cephalin, a decrease 
of borderline significance in total phospholipid, with no significant change in 
any of the other lipids. Thus it appears that in vitro the nerve degenerated 
more rapidly than in vivo. In this connection it is interesting to recall the 
observation of Cajal (2) that the histological changes characteristic of 
Wallerian degeneration proceed more rapidly in vitro than in vivo. 
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A comparison between the in vitro autolysis of brain and the in vivo 
degeneration of nerve, already described (Johnson et al. (8) ), is of interest. 
At the end of seven days, the changes in total phospholipid, sphingomyelin, 
and cephalin in brain were considerably greater than those observed for nerve 
at the end of eight days. At the end of 14 days, the percentage change in 
phospholipid was similar. In both cases there was a substantial fall in the 
concentration of cephalin and sphingomyelin and little change in lecithin. 
The results for the other lipids were, however, quite different. In nerve 
degenerating in vivo, there was a definite decrease in the concentration of 
cerebroside and total cholesterol with a great increase in ester cholesterol. 
It thus appears that the enzyme systems concerned with the degeneration of 
nerve in vivo differ from those concerned with the in vitro autolysis of brain 
tissue. This is perhaps hardly surprising, since, in vivo, macrophages appear 
along the course of the degenerating nerve and contribute their enzymes to 
the degradation mechanism. 


It will be noted that there was little change in the concentration of lecithin 
in either autolyzing brain tissue or in nerve degenerating in vivo. Lecithin 
was determined as the choline liberated from the mixed phospholipid extract 
after hydrolysis in N potassium hydroxide for 18 hr. at 37°C. It is possible 
that the autolyzed sample contained unknown degradation products of either 
lecithin or sphingomyelin that would yield choline on hydrolysis under these 
conditions. It is unlikely that the lecithin figures are unduly high for this 
reason, since known intermediates, such as a-glycerylphosphorylcholine 
studied by Schmidt, Hershman, and Thannhauser (20), are petroleum ether 
insoluble and would not be found in the phospholipid extracts. 

Much of the early work on brain autolysis was concerned with the degrada- 
tion of proteins rather than of lipids. When the importance of the brain 
lipids became generally appreciated, reports appeared on the change in lipid 
content of brain during autolysis. Page (18) advanced a hypothetical 
scheme for the biochemical changes in lipids during demyelination. This 
scheme was based, in part, on the evidence of Jungmann and Kimmelstiel 
(10) and of Backlin (1). The former workers found that cerebroside decreased 
and inorganic phosphorus increased when rabbit whole brain stood in either 
oxygen or nitrogen. Backlin (1) described a fall in free cholesterol and 
cerebroside and a possible increase in phospholipid when a rabbit whole brain 
stood for 24 hr. However, his figures are the results of only one experiment 
and are not significant. Sperry, Brand, and Copenhaver (23) found little 
change in the concentration of total cholesterol and total phospholipid in 
one half of a rat’s brain, incubated in 0.9% sodium chloride for one day. 
Under the conditions of our study, there was no change in cerebroside or 
total cholesterol of cat brain slices even after 14 days. Although there was 
no change in total phospholipid after 24 hr., the decrease following longer 
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periods of incubation has been confirmed. It should be pointed out that 
many of the above workers did not mention a buffer system and it is likely 
that the hydrogen ion concentration was not controlled. 


Simon (21) found that inorganic phosphorus, which appeared during brain 
autolysis, was derived from alcohol-ether soluble material, presumably 
phospholipid, a result confirmed by Stamm (24). Coriat (3) reported that 
choline was liberated when minced brain was autolyzed for 72 hr. in the 
presence of chloroform. The possibility that autolyzing brain tissue contains 
a lecithinase is suggested by the work of King (11), who found that dispersions 
of rabbit and chicken brain liberated small and variable quantities of free and 
acid soluble phosphorus from a lecithin emulsion. With homogenates the 
hydrolysis of phospholipids is apparently much faster. This is shown by the 
work of Fries et al. (5) and Sperry (22) who demonstrated a constant but small 
decrease in total phospholipid concentration when homogenates of brain 
tissue were incubated for only four hours. 


A possible interpretation of these results that must be considered is that 
the physical properties of the phospholipids are altered in such a way that 
they are no longer extracted by the procedures employed. This problem was 
fully investigated by Sperry (22), who used a number of different extraction 
procedures and obtained similar results. His results, and our finding that 
cholesterol and the relatively insoluble cerebroside were completely extracted 
after incubation, would indicate that hydrolysis of phospholipid does occur. 


This work suggests that in tissue of the central nervous system, there is a 
phospholipid-splitting mechanism, possibly enzymatic in nature. It has not 
been possible to demonstrate the degradation of either cerebroside or choles- 
terol. 
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SOME FACTORS AFFECTING THE AUSCULTATORY MEASURE- 
MENT OF ARTERIAL BLOOD PRESSURES! 


By A. E. THomMson AND J. DouPE 


Abstract 


Auscultatory blood pressure measurements have been compared to intra- 
arterial lateral and end pressures. It was found that auscultatory measure- 
ments, which are dependent upon the penetration of pulse waves through a 
compressed segment of artery, were influenced by various factors. When 
auscultatory measurements approximated or exceeded intra-arterial pressures, 
broad pulses were found; when auscultatory measurements were below intra- 
arterial pressures, narrow pulses were found. By measuring tissue pressures 
under a cuff it was shown that cuffs subtended only a relatively short narrow 
band of equal pressure into the tissues. Hence narrow cuffs or, conversely, 
large arms that allowed only a fraction of the applied pressure to reach the 
artery caused high auscultatory measurements of both systolic and diastolic 
pressure. It was concluded that pulse contour and arm size were major causes 
of the auscultatory systolic errors while the diastolic errors were due to arm size 
plus unknown factors. 


Introduction 


It has been pointed out by Ragan and Bordley (2) that auscultatory 
measurements of blood pressure are frequently in error. In 40 patients the 
range of deviation of systolic measurements from lateral intra-arterial pressures 
was — 20 to + 47 mm.Hg, and for diastolic measurements the range was 
— 12to + 39mm.Hg. Their work and that of others (3, 4, 5) indicated that 
the auscultatory measurements were affected by the contour of the pulse, 
the girth of the arm, and the width of the blood pressure cuff. The present 
report is mainly concerned with the mechanism by which these factors produce 
their effects and is not primarily concerned with the extent of the error nor 
with the difficulties of interpretation caused by the variability of the pressure. 


Method 


The values obtained by the standard auscultatory procedure (7) have been 
compared to intra-arterial pressure measurements obtained by using a variable 
capacitator similar to that described by Lilly (1). A hollow 20 gauge needle 
inserted into the brachial artery transmitted the pressure to a phosphor- 
bronze diaphragm that formed one plate of a condenser in a radio frequency 
circuit. The position of the diaphragm controlled the frequency and this in 
turn determined the output of an amplifier that fed an oscillograph galvano- 
meter whose deflections were recorded on moving bromide paper. At approxi- 
mately five-minute intervals during a recording, the manometric system was 
calibrated by the application of known pressures to the diaphragm.* Measure- 
ments approximating lateral pressure were obtained by this method. To 
obtain end pressures the circulation was occluded by a cuff immediately 
distal to the needle. The frequency characteristics of the apparatus were 


1 Manuscript received November 12, 1948. 
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not accurately ascertained but the response time of the system, with attached 
20 gauge needle, for a sudden fall in pressure from 200 to 0 mm. Hg, was less 
than 5 msec. The other methods employed will be described with the results. 

Subjects with appropriate arm sizes, who did not exhibit obvious cardio- 
vascular disorders, were selected, and all measurements were taken with the 
subjects at rest in the recumbent position. In certain cases the circulation 
to the extremity was increased by general body heating and vigorous exercise 
of the arm muscles. Arm circumference was measured at a point midway 
between the acromion and the olecranon. In the subjects in whom the intra- 
arterial pressures of one arm were compared to the auscultatory measurements 
of the other arm it was required that the auscultatory measurements of the 
two arms did not differ by more than 5 mm. Hg. 


Results 


In common with those of other investigators the present results have shown 
certain discrepancies between auscultatory and intra-arterial pressure measure- 
ments. These will be described first and related as far as possible to the 
pulse contour, then the influence of the width of the blood pressure cuff, and 
the girth and consistency of the arm will be considered and finally observations 
of the tissue pressure will be reported. 


Auscultatory and Lateral Pressures 

Simultaneous auscultatory and lateral pressure measurements were obtained 
three to five times in 13 experiments on 10 subjects. As the relationship 
between the two measurements in each experiment was constant to within 
5 mm. Hg, only their averages are recorded in Table I. In these experiments 


TABLE I 
SIMULTANEOUS AUSCULTATORY AND INTRA-ARTERIAL PRESSURES 
(Measured in mm. Hg) 














Arm Crest Systolic Diastolic 
Subject girth, time,** 

cm. msec. Ausc. | Lateral Diff. Ausc. | Lateral Diff 
DL. 25 120 147 157 — 10 79 62 + 11 
ELL. 23 130 120 122 — 2 70 65 + 5 
V.M. 26 160 131 145 — 14 70 70 + 0 
H.J. 23 170 125 126 —- 1 80 §2 + 28 
H.K. 23 200 102 105 — 3 68 56 + 12 
M.G. 21 200 151 148 + 3 53 57 — 4 
G.T. 26 200 165 162 + 3 80 59 + 21 
R.F. 27 200 118 120 — 2 78 64 + 14 
rb. 27 220 124 121 + 3 79 65 + 14 
V.M.* 26 300 136 131 + 5 78 56 + 22 
ae” 23 300 101 96 + 5 70 58 + 12 
Th. 30 330 124 116 + 8 81 69 + 12 
pe A 30 400 122 112 + 10 81 76 + 5 





























* Subjects in whom blood flow was increased by heat and exercise. 
** Measurement described in text. 
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auscultatory systolic measurements averaged 0.4 mm.Hg above lateral 
systolic pressure with a range of difference from minus 14 to plus 10 mm. 
Auscultatory diastolic measurements, using muffling of sounds as an index, 
averaged 12.4 mm. Hg above lateral diastolic pressure with a range of difference 
from minus 4 to plus 28 mm. This is in accord with the findings of other 
investigators (2, 4, 5). The discrepancy between diastolic measurements 
disappeared if the abrupt cessation of sounds was used as a criterion for the 
auscultatory measurement as reported by Steele (5), but ordinarily the 
transition was so gradual that this point could not be detected. 


Contour of the Lateral Pressure Pulses 


Information as to one of the causes of the observed discrepancies of the 
systolic measurements was obtained by analyzing the contour of the lateral 
pressure pulses in the individual cases. The shape of the pulses differed from 
individual to individual and in the same individual with changes in circu- 
latory state. To obtain an index of their relative peakedness the average 
duration of three representative waves 15 mm. Hg below the systolic peak 
was determined. These measuréments of ‘‘crest time’’ appear in Table I 
and the subjects have been arranged so that they progress from those with 
the most peaked to those with the most rounded pulses. It will be seen that 
the auscultatory systolic measurements were below lateral pressures when the 
pulse crest was narrow, approximately the same when the crest was inter- 
mediate in type, and above when the crest was broad. No such relationship 
could be demonstrated for the discrepancies in diastolic measurements. 
These observations are also in agreement with those reported by others (2, 4). 


Difference Between End and Lateral Pressures 


Despite the observed relationship of pulse contour to the difference between 
auscultatory and lateral systolic pressures it seemed unjustified to stress this 
relationship when theoretical considerations suggested that end and not lateral 
pressures should be used for the comparison. To test this possibility ausculta- 
tory measurements were made before and after end pressures had been 
produced by inflating a cuff on the forearm to beyond systolic pressure. This 
was done three times on four subjects both before and after heating and 
exercise. In no instance did inflation of the cuff produce a change greater 
than 4 mm. Hg in either the systolic or diastolic measurement. To show that 
obstruction of the flow did cause a significant change in pressure eight experi- 
ments were done on five subjects by inflating a cuff just distal to the site of 
arterial puncture. For comparison three measurements of pressure were made 
prior to the inflation of the cuff and three measurements after inflation in 
approximately the same phase of respiration. The averages of these observa- 
tions are presented in Table II. In every instance a rise in systolic pressure 
occurred and, for the group, averaged 9 mm. Hg with a range of 3 to 17 mm. 
This rise in pressure was accompanied by a change in pulse contour and the 
extent of the rise was related to the degree of narrowing of the pulse as 
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TABLE II 
END AND LATERAL INTRA-ARTERIAL PRESSURES 


(Measured in mm. Hg) 

















End pressure Lateral pressure oe ay seen % narrow- 
Subject ateral) ing of 
= ** 
Sys. Dias. Sys. Dias. Sys. Dias. pulse 
EL. 140 63 125 61 15 2 33 
V.M. 166 68 149 63 17 5 32 
a 109 61 98 59 11 2 33 
a 121 81 113 79 8 2 30 
To 117 73 112 70 5 3 25 
V.M.* 119 68 113 67 6 1 13 
H.K. 116 59 113 56 3 3 10 
M.G. 149 58 146 57 3 1 0 


























* Subjects in whom blood flow was increased by heat and exercise. 
** Calculated from Crest Times in Tables I and III. 


shown in Table II. As in the case of auscultatory diastolic measurements no 
significant change was produced in intra-arterial diastolic pressure by obstruct- 
ing the flow. These observations agree in general with those of Robinow 
et al. (4). 

Because systolic end pressures differed materially from lateral pressures and 
because auscultatory systolic measurements were not affected by obstruction 
of the blood flow, it was apparent that auscultatory measurements are made 
when end pressures exist and therefore should be compared to them. 


Ausculi.iory Measurement and End Pressures 


The comparison between systolic auscultatory and end pressures has been 
made in Table III utilizing data from Tables I and II. It will be seen, owing 


TABLE III 


DISCREPANCY BETWEEN AUSCULTATORY AND END SYSTOLIC PRESSURES 









































Subject gi.. | V.M.| H.K. | M.G. | H.K.* | T.K.* | T.K. | V.M.* 
End crest time (msec.) 80 | 100 180 200 200 230 250 260 
Ausc. minus end (mm.Hg) | —17 | —31 —6 0 —6 —2 —3 —-1 





* Subjects in whom blood flow was increased by heat and exercise. 


to the alterations produced in the pulse wave contour and in the systolic 
pressure by obstructing the flow, that the discrepancies between auscultatory 
and intra-arterial pressures have been altered. The net effect of changing 
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the standard of comparison from lateral to end pressures has been to 
accentuate the differences associated with narrow pulses and to minimize 
those associated with broad pulses. 


Influence of Cuff Width and Arm Girth 


To show the influence of cuff width and arm girth on auscultatory measure- 
ments, a group of subjects was chosen in which there was a much wider 
variation in regard to arm circumference than in the group just considered. 
On 18 subjects, whose arm circumference ranged from 20 to 38 cm., three 
auscultatory measurements of systolic and diastolic pressure were made with 
each of four cuffs, 8, 12, 16, and 20 cm. in width. The group was divided 
into three equal classes, those with arm circumferences from 20 to 26 cm., 
from 26 to 32 cm., and over 32 cm. The mean values of each class for the 
four widths of cuff are plotted in Fig. 1, which shows that the highest measure- 
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Fic. 1. Effect of cuff width on auscultatory measurements in subjects with different arm 
girths. 


ments of both systolic and diastolic pressure were obtained using the 8 cm. 
cuff and the greater the girth of arm the greater the effect of changing the 
width of the cuff, the initial slope of the curves being steepest in the class 
with the greatest arm girths. 


As the above results indicated the importance of arm girth, an attempt 
was made to ascertain the relationship of measured girth to effective girth, i.e., 
the girth after inflation of the cuff. To determine this, using a soft tissue 
technique, X-ray films were taken before and after inflation of a standard 
blood pressure cuff to systolic pressure. The measured girths of three subjects 
whose soft tissues ranged from firm to flabby were 29, 30, and 34cm. Girths 
calculated from X-ray films before inflation were 29, 30, and 35 cm. and after 
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inflation 27, 26,and 30cm. Clearly effective girth differed from measured girth 
and this difference appeared to depend upon the consistency of the soft tissues. 


Distribution of Pressure in the Tissues Under a Cuff 

The pressure in the tissues under a blood pressure cuff was measured using 
a modification of the apparatus described by Wells et al. (6) in which the water 
in the measuring column was replaced by mercury. Measurements were made 
using four or more cuff pressures between 20 and 200 mm. Hg at four points 
under two cuffs of different widths. Those for the 12 cm. cuff are plotted in 
Fig. 2 and show that for each point in the tissues the ratio of tissue pressure 
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Fic. 2. Effect of varying the cuff pressure on the pressure at four positions in the tissues. 


to applied pressure was constant. The constancy of this ratio indicated that 
the spatial distribution of the relative pressure beneath a cuff was independent 
of the level of the cuff pressure. 

The distribution of pressure was ascertained on one individual by measuring 
the tissue pressure at 29 different points under a 12 cm. cuff, nine under an 
8 cm. cuff, and 26 under a 4 cm. cuff. The position of these points was 
estimated by the depth of insertion and the angle of the needle and was prob- 
ably accurate to within 0.5 cm. in any direction. All the measurements were 
converted into percentage values of the cuff pressure and were located in the 
diagram shown in Fig. 3, keeping constant their relationship to the nearest 
edge of the cuff and their depth in the tissues. Because the discrepancies 
between the measurements made with different cuffs were no greater than 
those between the measurements made with the same cuff, it was concluded 
that the pattern of the pressure distribution was similar for the various cuffs. 
The total number of observations was insufficient to enable exact isobaric 
lines to be drawn, but a general pattern was obvious. The highest relative 
pressures were found near the center of the cuff, and the zone occupied by these 
values, although fairly extensive immediately beneath the cuff, became less 
so at greater depths in the tissues. With the 4 cm. cuff the 100% zone was 
not detected. Lowest relative pressures were found towards the edge of the 
cuff and the area occupied by these values was definitely greater at increasing 
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depths in the tissues. The zone of intermediate values appeared to broaden 
at greater depths in the tissues at the expense of the high pressure zone. 
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Fic. 3. Diagrammatic longitudinal section of arm showing distribution of pressure in the 
tissues underacuff. Pressures are expre ssed as a percentage of cuff pressures. Those within 

ares and circles and the others were obtained with 4, 8, and 12 c ffs, respectivel 
squares and circles and the others u obtained with 4, 8, and 12 cm. cuffs, respectively. 
Borders of zones are indicated by dotted lines. 


The application of the above results to the present problem was shown by 
making auscultatory measurements on the same patient with different 
widths of cuffs. These are shown in Fig. 4 together with estimates of the 
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Fic. 4. Effect of cuff width on auscultatory measurements compared to estimates of 
relative tissue pressure at the level of bone. 
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relative pressure at the level of bone taken from Fig. 3. The steep parts of 
the systolic and diastolic curves appear to correspond to the transition 
from a cuff that did not project a high relative pressure zone as far as the 
bone to one that did. The less steep parts of the curves correspond to 
increases in width of the high pressure zone produced by changing to still 
wider cuffs. 


Discussion and Summary 


The present results indicate some of the reasons why auscultatory measure- 
ments are inaccurate. It was first shown that auscultatory systolic measure- 
ments were influenced by the shape of the pulse wave even after taking into 
consideration the phenomena associated with the conversion of lateral to end 
pressures. The explanation of this relationship seems obvious. The pro- 
duction of audible sounds depends upon the penetration of the peaks of the 
pulse waves through the segment of artery compressed by the cuff. A certain 
amount of energy is necessary to overcome the pressure exerted by the cuff. 
A pulse that is broad and rounded will have considerably more energy avail- 
able at its peak to penetrate the compressed segment than will a narrow pulse. 
Thus when auscultatory systolic measurements approximated or exceeded 
intra-arterial pressures broad pulses were found; when auscultatory measure- 
ments were below intra-arterial pressures, narrow pulses were found. This 
theory also affords an explanation for the lack of relationship between the 
diastolic errors and the shape of the pulse waves. 


It was then shown in a series of experiments, which were essentially a 
repetition of those of von Recklinghausen (3), that the use of narrow cuffs 
gave high systolic and diastolic auscultatory readings. This would be 
expected because it may be presumed that a narrow segment of compression 
will offer less resistance to a pulse wave than will a wide one, necessitating a 
higher compression pressure on a narrow segment to produce an equivalent 
resistance. However, the results also showed that this plienomenon was not 
similar in all ranges of arm girth. In the larger arms, narrow cuffs required a 
much higher pressure to obstruct the pulse than was expected. The observa- 
tions of the tissue pressure under various cuffs showing that only a fraction of 
the applied pressure was being transmitted to the artery provided an explana- 
tion for these findings. 

It was also shown that the consistency of the tissues affected the distortion 
of the arm caused by inflating a blood pressure cuff. This would make it 
difficult to deduce the effective girth from measurements of the uncompressed 
arm. It would appear likely, although the point was not investigated, that 
the consistency would also affect the distribution of pressure in the tissues. 

The application of these results to clinical work merits attention. At the 
present time it may be justifiable on practical grounds to ignore the effect 
of pulse contour on systolic measurements because the significance of the 
more transient peaks of pressure is not known. The auscultatory method 
would even have an advantage, if it could be shown that such transient peaks 
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were so low in energy as not to materially affect either the walls of the blood 
vessels or the rate of flow. However, it is not justifiable to disregard the 
effect of arm girth particularly as this also modifies the diastolic measurement. 
Finally it should be stressed that the cause for many of the diastolic dis- 
crepancies has evaded analysis. 
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EFFECT OF AMYTAL ON SKELETAL MUSCLE! 


By BERNARD E. RIEDEL AND MERVYN J. Huston 


Abstract 


Sodium amytal, 190 mgm. per kgm., injected intraperitoneally into rats 
caused a transient increase in response of normal and denervated striated muscle 
to electrical stimulus. That this effect is not due to changes in pH nor to 
changes in ionic balance has been shown by pH tests on rat blood and by 
intraperitoneal administration of solutions of sodium hydroxide. It is believed 
that the increased response is due, at least in part, toa direct action on the muscle. 


Introduction 


Gross and Cullen (4) have shown that sodium pentothal in very high blood 
concentration depresses the response of striated muscle to intra-arterial 
injections of acetylcholine. A depressant effect of pentobarbital on the knee 
jerk and flexion reflex was reported by Van Harreveld (18). Huston, Martin, 
and Dille (11) demonstrated that pentobarbital and seconal depress the 
somatic neuromyal junction at concentrations 10 to 20 times the estimated 
effective concentrations at other synapses. At this concentration, however, 
an initial stimulant effect on the muscle was noted. It was thought of interest 
to examine further the action of barbiturates on the somatic system. This 
paper will deal with the results obtained with sodium amytal on the rat. 


Method 


The spinal cord of the rat was sectioned at the upper lumbar region under 
ether anesthesia and the rat left for 24 hr. to recover from the effects of the 
anesthetic. The animal was then tied down on its back on a small table and 
one hind leg was securely clamped at the knee and ankle. The calcaneous 
tendon was freed from the skin and fascia and severed at its attachment to 
the calcaneous bone. Recording was by means of an isometric spring attached 
to the calcaneous tendon. 


The sciatic nerve was cut and the peripheral stump clamped in a shielded 
electrode. When denervated preparations were used, stimulation was through 
leads stitched in at each end of the gastrocnemius muscle. Stimulus was 
provided by an electronic stimulator at 10-sec. intervals. A maximal stimulus 
was used throughout. 


A normal level of response to stimulation was obtained for approximately 
90 min. before administration of the drug. The measurement of response 


1 Manuscript received December 17, 1948. 
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was made from the resting level of the muscle and was calculated as force of 
contraction in grams on a calibrated isometric spring. Experimental changes 
were reported as a percentage of the contraction tension before injection. 


Results 


Since the response of the normal muscle was found to decrease slowly, it 
was necessary to run a series of control animals to establish a criterion for the 
experimental results. Table I presents the results obtained with 20 normal 
rats. It will be noted that the mean shows a slow decline in response. 


TABLE I 


RESPONSE OF NORMAL GASTROCNEMIUS MUSCLE OF THE RAT TO 
ELECTRICAL STIMULUS AT 10 SEC. INTERVALS 


Figures represent percentage of initial contraction tension 








Time in minutes 























3 6 9 12 15 30 45 60 72 
100.0 100.0 100.0 100.0 100.0 101.4 101.4 101.4 103 .6 
97.2 97.2 97.2 97.2 94.5 92.6 — — 81.9 
100.0 100.0 100.0 100.0 98.2 93.3 86.7 80.4 80.4 
100.0 95.1 95.1 95.1 91.6 91.6 89.6 84.5 84.5 
100.0 100.0 97.3 97 .3 96.2 96.2 92.4 88.8 87.0 
100.0 100.0 101.0 101.0 101.0 101.0 101.0 101.0 101.0 
100.0 100.0 99.0 99.0 99.0 98.2 99.2 99.2 99.2 
100.0 100.0 100.0 100.0 100.0 95.4 90.3 88.9 84.2 
99.0 99.0 99.0 99.0 99.0 99.0 97 .6 96.8 94.4 
102.1 102.1 99.4 99.4 99.4 98.6 97.3 97.3 97 .3 
97.3 97.3 97.3 97.3 93.4 97 .3 94.5 92.3 89.6 
102.4 100.0 | 102.4 108.8 108.8 106.4 102.4 102.4 102.4 
98.0 93.5 89.0 87.5 85.0 82.0 74.5 76.0 71.5 
99.0 104.9 95.1 90.7 88 .3 81.9 81.9 84.4 77.6 
94.5 94.5 88 .3 91.0 88 .3 89.6 100.0 94.5 88.3 
101.0 104.6 107 .2 103.1 101.0 107.2 107 .2 108.2 103.1 
98.7 98.7 101.7 97.8 93.4 98.7 98.3 95.2 93.9 
100.0 101.9 100.0 100.0 96.6 98.1 91.2 7.9 91.9 
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
98.6 98.6 101.0 101.0 101.0 94.8 91.0 91.0 91.0 

Mean 99.4 99.4 98.5 98.3 96.7 96.3 94.6 93.4 eS 
S.d.m. 0.39 0.65 0.96 1.02 1.22 1.44 1.79 1.86 2.04 

















The results obtained with 20 experiments when 190 mgm. per kgm. of sodium 
amytal was injected intraperitoneally are recorded in Table II. In every 
case there was an increased response followed by a progressive decrease. In 
14 of 20 cases a maximal had been reached within 12 min. after the injection. 
The maximal mean increase was 13.7%. The highest single increase was 
69.2%, which was not reached until 30 min. after the administration of the 
drug (No. V, Table II). As the dosage level used was very high for rats 
(14, 15, 16) a number of the animals died within a short time. No readings 
were taken after respiration ceased. 
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H TABLE II 
; EFFECT OF SODIUM AMYTAL, 190 MGM. PER KGM., ON THE RESPONSE OF THE 
i NORMAL GASTROCNEMIUS MUSCLE OF THE RAT 
‘ Figures represent percentage of initial contraction tension 
Time in minutes 
3 6 9 12 15 30 45 60 72 
110.0 112.0 110.0 95.0 79.0 — — —_ = 
102.2 111.2 114.6 116.8 119.1 125.8 119.1 114.6 112.4 
100.7 102.8 102.8 105.6 101.4 106 .3 106.3 106.9 104.9 
103.6 105.4 103 .6 103 .6 100.0 73.2 66.1 65.2 60.7 
133.8 153.8 161.5 166.2 161.5 169.2 156.9 143.1 130.8 
‘ 104.8 109.7 112.7 106.1 95.8 86.1 61.8 71.5 77.6 
7 103 .6 108.8 103 .6 107.3 106.6 ee 92.7 92.7 89.1 
yf 109 .6 142.3 116.4 119.2 112.3 — — a -_ 
100.0 106.0 97.3 96.7 96.0 —_ —_ mae a 
108 .6 113.3 113.3 433.2 113.3 ~—e anne tne ae 
: 118.1 137.3 137.3 837 .3 112.1 100 .0 96.4 — — 
i 102.8 107 .4 110.2 114.8 112.0 112.0 112.0 114.8 120.4 
\ 100.0 113.0 113.0 121.0 123.0 124.0 ~_ a aveee 
| 106.0 115.9 121.9 115.9 112 .2 106.1 102.4 — — 
: 104.8 114.3 117.1 112.4 107 .6 — — ie — 
| 100.0 106.4 106.4 112.8 93.6 76.9 69.2 74.4 74.4 
: 102.8 102.8 107 .6 107 .6 107 .6 — — — cm 
i 102.0 120.4 108 .2 100.0 87.8 67 .4 51.0 32..7 32.7 
104.5 " 26.3 110.7 114.3 119.6 119.6 107.1 89.3 58.9 
100.7 102.6 103.7 105.9 108.1 99.3 —_— — — 
Mean 105.9 112.9 113.6 113.7 108.4 104.1 95.1 90.5 86.2 
S.d.m. 1.76 2.40 3.15 3.46 3.70 7.10 8.43 10.15 9.80 
In Fig. 1 a comparison of the normal mean (Table 1) and the experimental 
: mean (Table II) is presented graphically. It is apparent that there is a 
| significant initial increase in response in the experimental legs but that the 
; subsequent depression is not significantly different from the control. 
| 
: EFFECT OF AMYTAL ON THE 
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It was considered possible that the stimulant effect might be due to the 
alkalinity of the solution or to the sodium ion. Comparisons were made by 
means of a glass electrode of the pH of blood from normal and injected rats. 
No significant difference was noted. The buffers of the blood can apparently 
compensate for the amount of sodium amytal used. To establish that pH 
and ionic factors are not involved in the increased response, a series of experi- 
ments was run in which sodium hydroxide solution was injected intra- 
peritoneally. The dose of sodium hydroxide used contained a weight of 
sodium equivalent to the weight of sodium in an experimental dose of sodium 
amytal. The pH of the sodium hydroxide solution was 10.8. This is higher 
than the pH of sodium amytal solution, which was 9.9. Table III presents 


TABLE III 


EFFECT OF SODIUM HYDROXIDE ON THE RESPONSE OF THE NORMAL 
GASTROCNEMIUS MUSCLE OF THE RAT 


(Sodium equivalent to that of sodium amytal 190 mgm. per kgm.) 


Figures represent percentage of initial contraction tension 








Time in minutes 











3 6 9 12 15 30 45 60 72 
97.4 97.4 97.4 97.4 99.1 99.1 99.1 99.1 99.1 
100.0 97.3 97.3 100.0 100.0 | 118.3 118.3 118.3 118.3 
100.0 100.0 100.0 | 100.0 103 .0 90.0 78.0 75.0 75.0 
100.0 100.0 | 100.0}; 100.0} 100.0 100.0 | 100.0 106 .0 97.5 
100.0 97.6 97 .6 97.6 97 .6 96.0 83.9 68.5 66.6 
100.0 100.0 96.3 93.9 93.0| 90.7 86.5 82.8 76.2 
100.0 100.0 | 100.0 98.4 96.0 94.4 89.4 89.4 89.4 
Mean 99.6 98.9 98.3 98.2 98.4 98.4 93.5 90.4 88 .9 
S.d.m. 0.37 0.48 0.55 0.83 1.22 3.61 5.11 6.40 6.70 





























the results obtained with seven such experiments. It is apparent from Fig. 2, 
where the mean of the normal legs is compared graphically to the mean of the 
legs treated with sodium hydroxide, that there is no significant difference. 
It is therefore believed that pH and ionic effects are not responsible for the 
stimulation. 


Denervation Experiments 
In an attempt to localize the stimulating action, we performed a series of 
experiments with sodium amytal upon denervated muscles. 
The animals were prepared by aseptic section of the sciatic nerve in one 


thigh. After a period of five days to allow for nerve degeneration, these limbs 
were studied by the method described above. 
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Since the decrease of the denervated muscle might be expected to differ 
from that of nondenervated muscle, a series was run as a control. The 


EFFECT OF NaOH ON THE 


NORMAL RAT LEG 
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results with 12 such rats are tabulated in Table IV. It will be noted by 
comparison with Table I that the decrease with denervated muscle is slightly 
more rapid than with normal muscle. 


TABLE IV 


RESPONSE OF DENERVATED GASTROCNEMIUS MUSCLE OF THE RAT TO 
ELECTRICAL STIMULUS AT 10 SEC. INTERVALS 


Figures represent percentage of initial contraction tension 








Time in minutes 

















3 6 9 12 15 30 45 60 72 
97 .6 96.1 92.9 88 .2 84.3 74.2 74.2 68.7 65.1 
97 .6 94.3 94.3 93.2 91.0 85.4 82.0 78.6 78.6 
98.1 93.5 91.7 91.7 91.7 77.4 68.8 63.3 57.8 
100.9 100.9 100.9 96.0 96.0 | 100.9 93.1 99.0 81.3 
96.3 94.4 94.4 94.4 91.6 87.9 87.0 83.3 83.3 
100.0 100.0 | 100.0 100.0 | 100.0 98.4 96.9 94.5 94.5 
100 .0 95.0 95.0 92.6 90.1 89 .3 89.3 86.8 86.8 
100.0 100.0 97.7 97.7 o7.7 97.7 95.4 96.9 96.9 
100.0 100.0 | 100.0; 100.0; 100.0 97.5 97.5 97.5 97.5 
100.0 100.0 | 100.0; 100.0 99.1 99.1 98 .3 96.0 96.0 
97.5 93.0 88 .6 87.1 84.6 81.6 74.1 75.6 738 
99.4 97.3 94.5 96.2 93.4 87.9 83.1 83.1 83.1 
Mean 99.0 97.0 95.8 94.8 93.3 89.8 86.6 85.3 82.7 
S.d.m. 0.41 0.86 1.11 1.25 1.57 2.57 2.91 3.42 3.69 























Table V presents the results obtained when 190 mgm. per kgm. of sodium 
amytal is injected into rats with denervated legs. The pattern of events is 
similar to that obtained with normal rats. There is an increase of response 
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TABLE V 


EFFECT OF SODIUM AMYTAL, 190 MGM. PER KGM., ON THE RESPONSE OF THE 
DENERVATED GASTROCNEMIUS MUSCLE OF THE RAT 


Figures represent percentage of initial contraction tension 








Time in minutes 
































3 6 9 12 15 30 45 60 72 
105.0 111.7 106.7 105.8 103.3 84.2 70.8 — — 
100.9 108 .2 102.7 98.2 93.6 ee: 80.0 81.8 — 
103.4 105.7 105.7 109.1 109.1 100.0 71.6 — — 
103.3 105.6 — 108.9 108.9 103 .3 106.7 103.3 103.3 
91.6 100.0 105.9 105.9 110.1 107 .6 109.2 103.4 100.8 
102.4 109.4 109.4 103.5 97.7 74.2 82.4 88 .2 88.2 
101.2 109.4 109.4 108.2 105.9 97.7 95.3 91.8 88.2 
100.0 | 102.4 105.9 108.2 | 108.2 90.6 - —e — 
101.8 | 109.2 109.2 109.2 | 108.3 103.7 _ — = 
100.0 | 103.8 102.3 100.0; 98.5} 82.7 — — - 
110.0 107.1 102.9 102.9; 100.0; 58.3 —- 
103.5 101.2 97.7 90.7 90.7 59.3 — — - 
100.0 99 .2 92.4 87.0 80.9 60.3 60.3 58. 58.8 
102.1 104.5 104.5 101.7 98.8 86.4 82.3 40.8 71.6 
107.5 105.4 102.7 101.6 123.5 — — — —_ 
100.0 99.0 95.0 92.5 88.0 75.0 68.5 64.0 59.5 
105.4 101.4 e723 84.4 78.2 — — — 
100.0 102.6 105.3 100 .0 100.0 72.8 — — — 
101.9 104.7 104.7 99.5 — — — — — 
103.3 101.1 90.1 78.0 | 73.6 29.7 17.6 16.5 16.5 
Mean 102.2 104.6 102.6 99.7 98.8 80.1 76.8 | 75.9 73.4 
S.d.m. 0.80 0.82 1.30 1.90 2.84 4.26 dia 9.07 13.75 


























that reaches a mean peak of 4.6% in six minutes, followed by a decrease. 
Fig. 3 compares the contraction tension of the denervated experimental legs 
with those of the denervated control group. 
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Although the increase with the denervated legs is less than with the normal 
legs this may be due to the more rapid fatigue of the denervated muscle. 
Table VI presents a comparison of the effects of amytal on normal and 


TABLE VI 


COMPARISON OF EFFECT OF SODIUM AMYTAL, 190 MGM. PER KGM., ON NORMAL AND 
DENERVATED GASTROCNEMIUS MUSCLE OF THE RAT 


Figures represent experimental mean as percentage of corresponding control mean 








Time in minutes 








60 


| 3 6 9 12 15 30 45 72 
ee a i ee a ae a i a 
Normal muscle 106.6 | 113.6 | 115.3 | 115.7 | 112.1 | 108.1 | 100.5 | 96.9 94.6 
Denervated muscle| 103.2 | 107.8 | 107.1 | 105.2 | 105.9 89.2 88.7 | 88.9 | 88.7 


{ 





denervated muscle when calculation is based on the control curves. There is 
a peak increase of 15.7% at 12 min. with normal muscle as compared with a 
veak of 7.8% at six minutes with denervated muscle. Fig. 4 compares the 
} /0 £ I 
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effect on.normal and denervated muscle graphically. It would appear that 
at least part of the effect of amytal is attributable to a direct action on muscle. 
However, the increased response with denervated muscle was only about half 
that with normal muscle. This does not necessarily mean that only half the 
effect on normal muscle is due to a direct action. Denervation is known to 
cause profound changes in muscle (13, 17) so that the lower response of 
denervated muscle may be due to the fact that the denervated muscle is less 
robust and therefore less able to respond to a stimulant. 
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Discussion 


Huston, Martin, and Dille (11) reported a stimulant effect of pentobarbital 
and seconal on striated dog muscle, which preceded a depressant effect shown 
to be on the neuromyal junction. They attributed the stimulant effect to a 
direct action on the muscle. 


Our experiments with sodium amytal therefore agree with the increased 
response they obtained with pentobarbital and seconal. We were unable to 
demonstrate any significant depressant action on the neuromyal junction. 
This is probably due to the fact that we were unable to reach a sufficiently 
high concentration in the intact animal without causing death by central 
depression. Huston et al. obtained concentrations in an isolated perfused 
leg that were much higher. The degree of increase noted by us is much less 
than that reported by Huston et al. This may be due to our lower concentra- 
tion but might also be due to a quantitative difference between amytal, 
pentobarbital, and seconal. It is known that barbiturates differ quantita- 
tively in their effects on the same part of the nervous system. Such differences 
on the central nervous system are well known but also have been reported at 
peripheral points (9). Similar differences might exist in effect on muscle. 

The depressant effect that sodium pentothal has on the response of striated 
muscle to intra-arterial injection of acetylcholine (4), and the depressant effect 
that pentobarbital and seconal have on the neuromyal junction (11), may 
be related to the decrease in response of the heart to vagus stimulation under 
the influence of high dosages of pentobarbital, amytal, and evipal (9), and to 
the depression of the motility of the gastrointestinal tract by barbiturates 
(2, 6, 7, 8). There is, however, considerable difference in the sensitivity of 
different parts of the nervous system to barbiturates (11). 

On the other hand a stimulant action of barbiturates on smooth and cardiac 
muscle has not been reported. This may be due to a difference in response of 
different types of muscle or it may be that slight or transient effects have been 
overlooked. Gruber et al. (10) in experiments on excised smooth muscle 
noted a stimulating action with barbiturates but attributed this to the 


alkalinity of the solution since the effect was not apparent after control of 
the pH. 


A slight decrease in muscle tone was noted after injection of amytal. As 
calculations are made from the resting or tone level this contributes to the 
figures recorded. The decrease in tone was slightly more marked in the case 
of denervated muscle. A similar depression of the tone of smooth muscle 
by barbiturates has been noted. Gruber and his co-workers have reported a 
marked decrease in tonus of longitudinal muscle of the intestine (5); a 
decrease in tonus of stomach muscle (8); and a decrease in general tonus of 
intact intestine in the unanesthetized dog (2, 6). 


- 


It is interesting to note in the case of striated muscle that a decreased tone 
occurs at the same time as an increased degree of contraction to stimulus. 
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That the two phenomena are not intimately linked is seen from the fact that 
the tonus level remains essentially the same after the brief period of stimulation 
is over. 


Denervation of muscle results in a sensitization to acetylcholine (1, 12, 17), 
which is believed by Cannon and Rosenbleuth (3) to be one example of the 
general condition of the muscle. Sensitization to barbiturates has not been 
demonstrated. We believe our experiments to be free from the effect of 
sensitization for the reasons previously stated (11) and because the stimulant 
effect of amytal was less with denervated muscle than with normal muscle. 
Our experiments with amytal would therefore lend support to the contention 
that sensitization was not of significance in the experiments with pentobarbital 
and seconal (11). 
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THE GASTRIC RESPONSE OF MAN TO AN ACID TEST MEAL! 


By Gorpon E. BERMAK AND J. DoupPE 


Abstract 


The gastric secretory response to the instillation of 300 ml. of 0.5% hydro- 
chloric acid was investigated 30 times in eight. subjects by withdrawing six 
samples at 20 min. intervals and measuring the acid concentration. In six 
experiments duodenal regurgitation was prevented by constant duodenal suction. 
As this did not delay the fall in acidity ordinarily observed it was concluded that 
regurgitation was not essential for this process. In 14 experiments phenol red 
was added to the instilled solution and the amount of dilution was measured. 
It was found that on the average the decrease in concentration of the dye was 
the same as that of the acid although there were frequent small discrepancies. 
It was concluded that instillation of acid into the human stomach stimulates one 
or more secretions whose net effect is to reduce the acidity by dilution. 


Introduction 


It is obvious that following a rise of gastric acidity some process must take 
place to restore the acidity to the resting level. At one time it was generally 
assumed that duodenal regurgitation was the major factor but in 1924 Baird 
et al. (4) demonstrated, by aspirating the duodenal contents, that regurgitation 
was not essential to the process. In 1928 MacLean and Griffiths (10) pre- 
sented further evidence indicating that in the human a diluting fluid of neutral 
character is secreted by the stomach and is chiefly responsible for the reduction 
of acidity. This denial of the importance of duodenal regurgitation prompted 
Apperly to review a former study (1) concerning the fate of an acid solution 
placed in the stomach. He and Norris (3), using an acid solution containing 
an indifferent substance to serve as an index of dilution, obtained results that 
were interpreted to mean that neutralization as well as dilution usually takes 
place and that the neutralizing fluid originates in the duodenum. Neverthe- 
less, the concept of a purely gastric mechanism has continued to obtain support 
(7, 9, 13). For this reason and because of the potential usefulness of the 
acid instillation procedure for the investigation of the secretory functions of 
the stomach (2, 6, 8) it appeared worthwhile to repeat some of the experiments 
of Apperly and Norris in combination with the aspiration procedure of Baird 
et al. 


Method 


The acid reduction test of Elman (5) was used. It consisted of aspirating 
the fasting gastric contents, instilling 300 ml. of 0.5% hydrochloric acid, and 
withdrawing 20 ml. samples for analysis at 20 min. intervals for 100 min. 
Precautions against the swallowing of saliva were taken and the gastric 
contents were mixed by a pumping action of the syringe before each sample 
was removed. 


1 Manuscript received December 14, 1948. 
Contribution from the Department of Medical Research, University of Manitoba, Winnipeg, 
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In some instances the duodenum was drained throughout the test by the 
use of a double tube, one lumen of which connected the duodenum to a collecting 
flask at a pressure of minus 20 cm. water. The tube was considered to be in 
the duodenum as soon as an alkaline clear amber fluid was withdrawn. The 
maintenance of this position was confirmed by the continuous flow of a clear, 
heavily bile stained fluid from the tube varying in amount in different experi- 
ments from 350 to 450 ml. In about half the experiments 6 mgm. of phenol 
red was added to the acid solution. Penner et al. (11) have shown that for 
some purposes the dye method is invalid but in the present experiments, 
which are not concerned with water absorption, it appears applicable. 

Samples were analyzed for free acidity by titrating with 0.1 N sodium 
hydroxide using Topfer’s reagent. The concentration of the phenol red was 
measured with an Evelyn colorimeter using the method of Shay et al. (12). 
In some experiments, particularly those with duodenal drainage, the stomach 
was empty at 60 or 80 min. so the later samples could not be obtained. 


The subjects consisted of eight healthy laboratory workers ranging in age 
from 19 to 40 years. 


Results 


The results are presented in Table I. The 12 experiments in which the 
simple test procedure was alone performed have been placed together in 
Group A. Bile was noted in most of the samples. Group B contains the 
experiments in which phenol red was added to the test solution. The color 
of the dye obscured bile if it was present. Groups C and D contain the 
experiments in which duodenal drainage was performed and differ from each 
other only in that phenol red was used in Group D. No bile was seen in the 
samples of these groups. Inspection of the data and thé average values 
indicates that the decline in acidity was essentially similar in all the groups. 
Also presented in the table are the results concerning the degree of dilution 
undergone by the test solution. For comparison with the acid values, the 
data pertaining to dilution have been expressed as the normality of acid that 
would have resulted had the change in concentration of the dye been caused 
by the addition of a neutral unbuffered solution. To avoid the distortion 
likely to be introduced by any remaining fasting contents, the calculations 
were based on the equivalence of the acid and dye concentration in the initial 
sample rather than in that of the instilled solution. It will be seen that the 
observed acid values corresponded closely with the calculated values but that 
there were many minor discrepancies in both directions. 


Discussion - 


If one disregards the possibility that acid may be absorbed in the stomach 
these results should be applicable to the problem of the site of origin and the 
nature of the secretion acting on the instilled acid. In regard to the first, 
the method of preventing regurgitation of duodenal contents would be entirely 
acceptable only if it did not alter other factors. That they were altered in 
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TABLE I 
CHANGE IN NORMALITY OF AN ACID SOLUTION PLACED IN THE STOMACH 


(Figures in parentheses show difference between the measured decline in normality and that 
predicted from dye dilution measurements. Plus values suggest an alkaline secretion) 



























































ay Decrease in normality from value of initial sample ( 1000) 
initia 
Exptl. . sample, 
group Subject normality} 20 min. 40 min. 60 min. 80 min. 100 min. 
sample sample sample sample sample 
(X 1000) 
A Mr. B. 115 5 20 32 48 55 
Mr. B. 116 18 24 32 43 81 
Mr. B. 124 12 24 35 49 73 
Mr. B. 109 3 9 19 30 53 
Mr. B. 122 10 21 43 66 67 
Acid alone | Mr. D. 115 16 27 60 67 70 
Mr. D. 126 11 26 35 52 64 
Mr. D. 130 16 30 46 55 69 
Mr. D. 132 19 23 $2 75 82 
Mr. D. 126 6 18 29 66 79 
Mr. D. 130 20 44 49 66 86 
Mr. M. 124 20 40 58 — — 
Mean: 122 13 25 41 51 65 
B Mr. B. 122 3( 0) | 27 (+ 2) | 26(+ 8) | 54(+11) | 74 
Mr. D. 131 5(— 6) | 8(— 7) | 17(— 3) | 27(— 1) | 41 (— 1) 
Miss B. 117 7(— 3) | 17(+ 2) | 29(+ 1) | 40(4 2) | 48(+4 3) 
Miss B. 125 16(— 2) | 30(+ 7) | 48(+ 5) | 57(+ 7) | 73 
Miss B. 123 10(— 2) | 18 (+ 2) | 30(— 2) | 42 (4 2) | 55(— 7) 
Acid plus | Miss B. 126 12 (+ 2) | 51(— 7) | 60( 0) | 91(— 1) | 74(4+ 3) 
dye Mr. A. 105 0 (+11) | 18(+ 2) | 76(— 3) | — — 
Mr. A, 127 26 (— 9) | 63 (— 6) |114(4+ 2) |} — — 
Mr. A. 118 7(+ 1) | 26( 0) | 45(412) | — — 
Mr. A. 116 +1(— 5)}15( 0) } 42(+ 5) | — _— 
Miss P. 121 14(— 4) | 24(+ 4) | 37(+ 4) | 60(+11) | 72(- 4) 
Mean: 121 9(— 1)| 27( 0) | 47(4+ 3) | 53(4+ 3) | 62( 0) 
C Mr. B. 120 4 10 23 74 — 
Mr. B. 119 13 22 31 47 50 
Acid plus | Mr. C. 124 19 52 98 — — 
drainage | Mr. P. 124 9 31 42 _ — 
Mean: 122 11 29 48 60 — 
D Mr. B. [ 113 +2(— 7) | 29 (+12) | 48 (+ 8) | 68 (+14) | — 
Miss B. 131 | 15(— 2) | 26(+ 4) | 31 (4+ 2) | 37(— 3) | 44(—11) 
Acid plus | Mr. A. 114. | 8(— 3) | 36(+ 3) |101 - _ 
dye plus ee 
drainage | Mean: 119 8(— 4) | 30(+ 6) | 60 (+ 5) | 52(+ 5)|— 





these experiments is shown by the faster rate of the emptying of the stomach 
when the duodenum was drained. Thus it cannot be stated that duodenal 
regurgitation had no effect at ordinary rates of gastric emptying. It is 
evident, however, that regurgitation was not essential for the reduction of the 
acidity of an acid test meal. 
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Regarding the nature of the secretion a comparison of its effects on the 
concentration of the dye and on the acidity shows that on the average its 
reaction must have been nearly neutral. However, the many discrepancies 
can only be explained by attributing them to technical limitations or to the 
action of both alkaline and acid secretions. Inspection of the average results 
reported by Apperly and Norris (3) shows that they too found an excellent 
agreement between dilution and the reduction of acidity. Even in the 
groups in which they were impressed by a difference their results show that the 
discrepancy was due to a factor operating only in the first 15 min. of the 
experiments. It is possible to conclude, therefore, that ordinarily the acidity 
of an acid test meal is reduced chiefly by dilution. It is not possible to state 
with any certainty whether this diluting fluid represents a single secretion or a 
combination of an alkaline and an acid secretion. The latter view has been 
upheld by Maclagan (9) and is supported by the varying discrepancies 
reported here. 


Clearly, the present results support the contention of MacLean and Griffiths 
(10) that the acidity of the gastric contents is reduced by the diluting action 
of a neutral secretion of the stomach. However, owing to defects in available 
methods, such a conclusion cannot even yet be regarded as proved. 
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THE REACTION OF VARIOUS TISSUES TO IMPLANTS OF 
A COLLAGEN DERIVATIVE! 


By ARTHUR F. BATTISTA 


Abstract 


This study deals with the histological reaction of subcutaneous connective 
tissue, muscle, peritoneum, nervous tissue, and bone to implants of a collagen 
derivative obtained from bovine bone, which has been called Collatissue A. 
The tissue response was in two stages, first, a fibroblastic proliferation about the 
implant and second, an infiltration by small and large mononuclear cells. 
Capillary proliferation occurred around the implant. The material gradually 
lost its normal histological structure, became amorphous, and was replaced by 
fibrous tissue. There was no polymorphonuclear cell response and giant cells 
appeared rarely. Silk, catgut, and tantalum foil were used as control materials. 
They induced a typical foreign body response, which included polymorphonuclear 
and giant cells. The antigenic properties of Collatissue A were studied to a 
limited extent with negative results. Collatissue A has certain physical prop- 
erties, such as tensile strength and flexibility, that suggest possible suggical 
applications of this material. 


Introduction 


Surgeons have long sought for a material that would elicit very little foreign 
body response and that would be transformed eventually into living tissue. 
Such a substance might be termed a ‘physiological’ plastic material. The 
difficulty of procuring such a substance has deflected much investigation into 
the channel of alloplastic materials such as celluloid, various metals, paraffin, 
vaseline, latex, amber, and ivory. The requirements are nonabsorbability, 
resistance to deleterious alteration by tissue fluids, chemical inactivity, and 
freedom from properties that would initiate early or late tissue reaction. 
Each of the above-mentioned substances, as well as many others, has had its 
trial and supporters. The thermoplastic synthetic resins such as methyl 
methacrylate (Lucite and others) are the most recent materials to be studied 
from the point of view of surgical application. 


The physical and chemical properties of collagen make it a hypothetical 
source of a ‘physiological’ plastic substance that might be utilized by the tissue 
elements, especially fibroblasts, and become part of the living tissue. The 


studies that are reported at this time are directed primarily at the histological 
aspects of this problem. 


Historical Review 


Relatively few studies of the biological properties of collagen or its denatured 
products (excluding gelatin) have been published. The earliest reports are 
descriptions of the use of decalcified chicken bone and other tubular bones as 
surgical drains. Protective cuffs of similar material were used about the 
suture line of previously sectioned nerves (12, 16, 30, 36, 1). In 1880 Senn 


1 Manuscript received November 16, 1948. 
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(33) employed antiseptic decalcified bone as an aid in the healing of aseptic 
bone cavities. The great difficulty was to obtain a sterile field. The 
material was a protein and served as an ideal medium for the growth of 
bacteria until it was vascularized and invaded by connective tissue (6). 

Barth, in 1894 (3, 4) grafted decalcified bone to bone in the host and obtained 
only fibrous connective tissue union. However, Senn (33) stated that calcifi- 
cation did occur in some animal experiments where he had used a similar 
material in contact with bone. 

Nageotte (26, 24, 23) isolated collagen from rat tails by a process of extrac- 
tion by dilute acetic acid and precipitation with salt solution. He studied 
the behavior of this material in tissue cultures. He also grafted animal, 
human cadaver, and human living tendons into patients and found them to 
be tolerated well (21). Finaty. Nageotte investigated the formation of 
collagen in tissues and isolated different fractions (27, 28). Pullinger and 
Pirie (31) isolated collagen from ox sernea by the Bergmann method and 
studied the reaction of rabbit subcutaneous tissue to the product. They 
concluded that collagen elicited a mild reaction that resembled chronic 
inflammation. They attributed this response to the insolubility of the 
material rather than to a chemically induced foreign body reaction. 

Feriz (8, 9) studied the reaction of living tissue to a material made of 
collagen derived from beef tend6n. He stated that the material (which was 
called Brocatamp) was assimilated and appeared nonirritating to the surround- 
ing tissue when implanted in rabbits. His studies indicated that the material 
obtained from tendon caused less tissue reaction than did catgut or silk. 
Weiss and Taylor (37) employed collagen tubes in the study of nerve regenera- 
tion across gaps. No description of the preparation of these collagen tubes 
was given except that the tubes were ‘‘spun from fibers of dissolved and 
reprecipitated bovine collagen by a process developed at the Massachusetts 
Institute of Technology under the direction of Dr. F. O. Schmitt.’’ Tanned 
and untanned tubes were prepared. They used the untanned collagen tubes 
in the nerve regeneration experiments but the tubes were resorbed too quickly 
and did not prevent loss of liquid or ingrowth of fibrous tissue. They also 
stated that they “have made comparative studies of the relative merits of 
the various collagen sleeves in ordinary nerve splicing experiments, but have 
been unable to reach final conclusions because of the great number of variables 
involved (variability of the preparations, animals, operative incidents, etc.)”’. 


Materials and General Methods 


Various authors have proposed different methods of obtaining collagen 
(28, 24,9, 10). It was difficult to procure, by these methods, material that 
had the physical properties desired without greatly altering its chemical 
nature. The material used in this investigation was obtained by treating beef 
bone with dilute hydrochloric acid until all trace of calcium was removed. 
As a matter of convenience it was called Collatissue A with the thought 
that other collagen derivatives may form the subject of future investigations. 











96 CANADIAN JOURNAL CF RESEARCH. VOL. 27, SEC. E. 


Bacteria and spores were destroyed in the processing, and the material was 
stored in 30% ethyl alcohol. It was-transferred to 80% alcohol for several 
days before use. The material was washed thoroughly with sterile water 
before implantation. Since it is hydrophilic, it is likely that most of the 
alcohol, except that which was adsorbed, was removed. Very few infections 
have been encountered, and none have been related to the material. Bacterio- 
logical cultures were made of a few samples and have been negative. 

Cats were used throughout the experiments since they respond well to 
multiple short procedures such as repeated removal of implants after varying 
periods of time. Intraperitoneal nembutal anesthesia was used for the 
implantation operation, ether for the subsequent removal procedures. 
Scrupulously sterile technique was the rule. 


Specific Methods and Results 


Series I. The Reaction of Subcutaneous Connective Tissue (and Skin) to 
Implants of Collatissue A 


Procedure 


A dorsal midline incision was made, an artery forceps passed far laterally 
under the skin, and a small subcutaneous pocket made by opening the forcep. 
Three pieces of Collatissue A, each 2 cm. X 1 cm. X 2 mm., were deposited 
in the subcutaneous space. The final position of the implants was on the 
ventrolateral aspect of the animal’s body wall, far removed from the incision 
and its sutures. A midline abdominal incision was avoided because of the 
increased possibility of infection of the wound during the postoperative period. 

Silk (Deknatel 6-0), catgut (type A Scanlan Plain No. 2), and tantalum foil 
(0.0005 in. thick) were implanted in the same manner for comparative studies. 

Nine implants of Collatissue A, with surrounding tissue, were removed 
under sterile conditions at intervals varying between 13 and 237 days. For 
comparative studies there were three specimens of implanted silk (7, 20, and 
28 days), three of catgut (7, 28, and 45 days), and four of tantalum foil (7, 20, 
28, and 45 days). The material was fixed in Zenker-formol and stained with 
haematoxylin and eosin and by Mallory’s method. 


- 


Observations 


The reaction of subcutaneous tissue to implants of Collatissue A was 
relatively slight. The initial response consisted of a proliferation of connective 
tissue elements adjacent to the implant. This response was well developed 
by the 13th day. The amount of fibroblastic proliferation varied from one 
animal to another but in all cases a well defined capsule was formed about the 
implant (Figs. 1, 2). In some of the specimens implanted for long periods 
there was less capsular tissue present than in those of short duration. The 
capsule consisted of layers of fibroblasts of typical cytological structure. 
In later stages the fibroblasts were seen to invade the surface of the implant. 
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The later response of subcutaneous tissue to Collatissue A was an infil- 
tration of adjacent tissue by small and large mononuclear cells. Very few cells 
of this type were present in the early stages. The time of first appearance was 
variable with a maximal infiltration 50 to 60 days after implantation. The 
mononuclear cells tended to occur in groups of 10 to several hundred. The 
presence of a few of these cells in the central portion of the implant attested 
to their amoeboid properties. Giant cells were encountered very rarely. 
Capillary proliferation was evident adjacent to the implant. 


Collatissue A specimens that had been implanted for varying periods lost 
their typical histological structure in certain parts, and became amorphous. 
However, specimens that were in subcutaneous tissue for 237 days were 
readily palpable through the skin and the implant had maintained its shape 
and tensile strength (Fig. 2). 


In contrast with the mild reaction to Collatissue, implantation of silk, 
catgut, and tantalum foil resulted in a typical foreign body reaction. In 
addition to the fibroblastic reaction, capillary proliferation, and appearance of 
large and small mononuclear cells, there were large numbers of polymor- 
phonuclear cells and frequent giant cells (Figs. 4 and 5). 


Series II. The Reaction of Muscle to Implants of Collatissue A 


Procedure 


Pieces of Collatissue A were embedded in the substance of the longus colli 
and longissimus dorsi muscles. The precautions followed in the case of sub- 
cutaneous implants were carefully observed. Silk, catgut, and tantalum foil 
were used for comparative studies. Specimens of Collatissue were removed 
at intervals varying between 3 and 149 days. The reaction of muscle tissue 
to silk, catgut, and tantalum foil after 7, 18, 28, and 45 days was studied. 


Observations 

The sequence of events following implantation of Collatissue A in muscle 
was very similar to the reaction in subcutaneous tissue (Fig. 3). The implant 
became encapsulated but the capsule was thinner than that produced in 
subcutaneous tissue (Fig. 1). The fibroblasts were more variable in orientation 
than in the capsule produced in the subcutaneous location. The fibroblasts 
invaded the substance of the implant and in the older specimens the surface 
areas of the Collatissue became amorphous and broken up. In one specimen of 
35 days’ duration, portions of the implant had disappeared, being replaced by 
fibrous tissue of lesser volume than the original Collatissue. In other speci- 
mens, which had been in muscle for longer periods of time, the implant 
remained relatively intact, demonstrating the great variability in the rate of 
disappearance of the implant in muscle tissue. Several factors are likely to 
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influence the fate of the implant. The vascularity of the tissue and age of 
the animal are possible controlling factors. The implant appears to be 
altered more quickly in the young growing animal. 


Large and small mononuclear cells were relatively numerous adjacent to 
the implant. Very few polymorphonuclear cells were seen and giant cells 
were encountered only occasionally. Catgut, silk, and tantalum foil, however, 
called forth a typical foreign body reaction. The polymorphonuclear response 
to silk and catgut was profuse, but somewhat less in the case of tantalum foil. 
Many giant cells were present about the catgut implant, some multinucleated 
to such an extent that they appeared asa syncytium. Occasional eosinophiles 
were encountered. Catgut, silk, and tantalum all incited a fibroblastic 
response and capillary proliferation. In general, the tissue reaction to 
tantalum was less marked than to silk or catgut but still much greater than 
to Collatissue. 





| er TPES Area in Fig. 6 enlarged and 
shown in Fig. 7. 
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Ee Cranial dura mater surface. Desaetate nsec Position of tantalum foil 
implant. 


Fic. 1. Series I. The reaction of subcutaneous tissue to implants of Collatissue A. 
Specimen No. 2 (17 days) haematoxylin-eosin (H.-E.) stain. A well defined 
capsule (Ca) is seen adjacent to the surface of the implant towards the dermis (D). 
It is definitely thicker than the capsule in earlier sections. X 200. 


Fic. 2. Series I. The reaction of subcutaneous tissue to implants of Collatissue A. 
Specimen No. 9 (237 days) H.-E. stain. The position of the implant (Co) is 
visible deep to the dermis (D). Capsules (Ca) are present about the surfaces of 
the implant. Relatively little change in the structure of the implant is observed. 
The edges in contact with the capsules are not broken up to any great degree. X 30. 


Fic. 3. Series II. The reaction of muscle to implants of Collatissue A. 
Specimen No. 9 (129 days) H.-E. stain. The position of the implant (Co) is 
seen between the muscle tissue (M). Capsule formation (Ca) is visible on each 
surface of the implant. X 30. 


Fic. 4. Series I. (Subcutaneous tissue) control catgut. 
Specimen No. 2 (28 days) H.-E. stain. The position of catgut (G) is seen. 
Cellular ihfiltration (Ce) about the implant is visible. X 30. 


Fic. 5. Series I. (Subcutaneous tissue) control tantalum foil. 
Specimen No. 1 (seven days) H.-E. stain. The tantalum foil implant (T ) elicits 
a foreign body tissue response. A definite capsule formation (Ca) is observed. 
Many cellular elements (Ce) are present, especially polymorphonuclear cells. 
X 125 approximately. 


Fic. 6. Series VII. The reaction of bone and cranial dura mater to Collatissue A. 
Specimen No. 5 (230 days) H.-E. stain. The position of Collatissue A (Co) in 
relation to bone (B) is seen. X 12, 


Fic. 7. Series VII. The reaction of bone and cranial dura mater to Collatissue A. 
Specimen No. 5 (230 days) H.-E. stain. This photomicrograph is area (E), 
Fig. 6, seen under higher magnification. The junction of bone and Collatissue A 
implant is shown. Fibroblastic elements (F) form this junction. Large and 
small mononuclear cells constitute the limited cellular infiltration. X 90. 
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Series III. The Reaction of Peritoneum to Implants of Collatissue A 
Procedure 


The ventral parietal peritoneum was exposed and an area measuring 
2cm. square removed. The peritoneal defect was filled in by a thin sheet of 
Collatissue, 2 mm. in thickness. It was held in place by tucking the edges 
between the bordering peritoneum and overlying muscle thus avoiding sutures. 
The fascia and skin were closed with silk. Six specimens varying in duration 
between 7 and 158 days were obtained. 

For comparison, in a single animal a large defect was created in the parietal 
peritoneum and the viscera left in contact with the abdominal muscles. 


Observations 


There was very little tissue reaction to the peritoneal replacement. A 
thin fibrous capsule developed on its inner surface, consisting of typical 
fibroblasts arranged in a linear manner. In some specimens the omentum 
was adherent to the implant but it stripped away easily. In no case was 
there adberence of the intestine. A mild cellular infiltration of large and small 
mononuclear cells occurred with an occasional polymorphonuclear and giant 
cell. In the control animal, the intestine and omentum were bound firmly 
by adhesions to the muscle of the abdominal wall. 


Series IV. The Reaction of Smooth Muscle of the Intestinal Wall to Collatissue A 


Procedure 


A small sheet of Collatissue 1 cm. X $cm. X 2 mm. was inserted between 
the muscle layers of the small intestine. The serosa was sutured with fine 
6-0 silk. Two specimens, of 17 and 128 days duration were obtained. 


Observations 


The characteristic response to Collatissue A was observed. A fibro- 
blastic capsule surrounded the implant, and the cells invaded the material. 
The surrounding tissue was infiltrated with large and small mononuclear cells, 
an occasional polymorphonuclear cell, and a rare giant cell. Capillary 
proliferation occurred in the capsule. The connective tissue of the submucosa 
adjacent to the implant appeared to have increased in thickness. The mucosa 
remained normal. There was no evidence of intestinal disturbance in the 
animal during life. 


Series V. The Reaction of the Omentum to Collatissue A 
Procedure 


A piece of Collatissue 1 cm. X 4 cm. X 2 mm. was wrapped in omentum 
and held in place by a fine silk suture through one end of the implant. Two 
specimens were obtained at intervals of 17 and 128 days. 
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Observations 

The omentum is considered a delicate tissue that responds to the slightest 
irritation or foreign body stimulation. Implants of Collatissue A elicited a 
reaction similar to that in other tissues. The usual fibrous capsule developed 
with invasion of the surfaces of the implant by fibroblasts. In the specimen 
of longer duration the Collatissue lost its normal histological structure near 
the surface and acquired an amorphous, moth-eaten appearance. In some 
areas the implant had undergone disintegration and disappeared. A cellular 
infiltration with large and small mononuclear cells occurred earlier than in 
other locations. Occasional polymorphonuclear and giant cells were seen. 


Series VI. The Reaction of Cerebral Cortex and Cranial Dura Mater to 
Collatissue A 


Procedure 

A rectangular bone flap was reflected over the frontoparietal area of the 
skull to expose a portion of both cerebral hemispheres. An area of dura mater 
1 cm. square was removed over one hemisphere. The exposed cortex was 
traumatized with the point of a scalpel and by the actual removal of cortical 
tissue by suction. There was much bleeding. A piece of very thin Collatissue 
A was placed over the traumatized cortex, filling in the dural defect. Three 
specimens, at intervals of 108, 113, and 168 days, were obtained. 

For comparison, the dura was replaced by tantalum foil in several instances. 
In one animal the dural defect was not filled in, but the traumatized cortex 
was left in contact with the replaced bone flap in the case of one hemisphere, 
while the dural edges were drawn together over the traumatized cortex of 
the opposite hemisphere by two fine 6-0 silk sutures. 


Observations 

No adhesions were observed between the cortex and the Collatissue A 
dural replacement. In a few instances where the cortex had been extensively 
traumatized and partially removed by suction, a few strands of connective 
tissue were present. They stripped away very easily. The replacements 
were firmly fixed te the dura at the edge of the defect. The side of the 
implant in contact with bone bore a thin capsule of fibroblastic tissue. A few 
fibroblasts were seen on the inner surface but no capsule developed. The 
number of fibroblasts on the cerebral surface was greatest in the 168-day 
specimen. There was slight invasion of surrounding tissue by large and small 
mononuclear cells. Polymorphonuclear and giant cells were rarely seen. 


In the case of tantalum foil implants the cortex was firmly adherent to the 
capsule that had developed on the cerebral surface of the implant. In some 
instances the adherent cortical tissue came away with the tantalum when the 
latter was reflected. Strong adhesions were present between bone and cortex 
where the dura had been extirpated and the cortex exposed to the bone flap. 
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Series VII. The Reaction of Bone and Cranial Dura Mater to Collatissue A 


Procedure 


A defect 1 cm. in diameter was made with a trephine over the fronto- 
parietal area of the skull. The defect was filled by a disc of Collatissue A. 


In other cases a rectangular bone defect was filled in with Collatissue A. 


Five specimens, the periods varying between 20 and 230 days, were 
available for study. 


Observations * 


In the 230th day specimen the Collatissue replacement remained intact. 
The fibrous tissue of the scalp formed a capsule on the outer surface of the 
implant to which the scalp was firmly fixed. There were no firm adhesions 
between the cranial dura mater and the Collatissue A, for the dura mater 
stripped away as freely as it does from bone. The implant was firmly adherent 
to the surrounding bone edge (Figs. 6 and 7). In older specimens it appeared 
that the osteocollagenous fibers of the bone were continuous with the fibers 
of the implant. The two materials could be differentiated by the marrow 
spaces of the bone and the normal histological characteristics of Collatissue. 
Very few cellular elements, mostly large and small mononuclear cells, were 
present at any stage. Polymorphonuclear and giant cells were seen rarely. 


Preliminary Studies of Antigenic Properties of Collatissue A 


Several preliminary tests were made to determine the antigenic properties 
of Collatissue A. A sterile suspension (14 cc.) of the material (particles of 
almost colloidal size) was injected intraperitoneally into two mature guinea 
pigs. A third guinea pig received 1 cc. of the suspension intravenously and 
three rabbits received 2 cc. by the same route. After a period of 16 days the 
animals received 1 cc. of the same suspension intravenously. No reaction 
occurred. Ina cat, a member of a series not reported upon at this time, the 
thorax on one side was packed with Collatissue A in order to collapse the 
lung. After a period of 12 months the animal received 1 cc. of a Collatissue A 
suspension intravenously with no immediate or delayed effects. No reaction 
occurred following repeated intravenous injections in this animal over a 
period of a month. These experiments suggest that Collatissue A has no, or 
very limited, antigenic properties. More extensive and precise studies are 
planned to determine the immunological properties of Collatissue A and 
similar collagen derivatives. 


Discussion 


Several mechanisms may be proposed for the mild response to Collatissue A 
when compared with silk, catgut, and tantalum foil. Some workers maintain 
that collagen derived from different mammals is similar chemically so that a 
denatured product of collagen would not be foreign to the tissues of different 
animals. Pullinger and Pirie (31) stated that the response of subcutaneous 
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tissue in the rabbit to collagen derived from ox cornea resembled the tissue 
reaction seen in chronic inflammation. There was a predominance of lympho- 
cytes, macrophages, and mature connective tissue fibers. They attributed 
the comparatively mild reaction to the insolubility of collagen and referred to 
the absence of features considered to be typical of a foreign body reaction. 

The mechanism by which the disappearance of Collatissue A is accomplished, 
when this does occur, appears to be complex. The virtual absence of poly- 
morphonuclear and giant cells, as compared with catgut and silk, tends to 
preclude a phagocytic process. The change from a typical architecture to an 
amorphous material suggests an enzymatic attack on the material resulting 
in increased solubility and assimilation ef the altered collagen. The numerous 
mononuclear cells and young growing fibroblasts may play a part in this 
process. It is of interest to note that Feriz (8, 9) studied the fate of a com- 
mercial material made of collagen derived from beef tendon when placed in 
tissues of the rabbit. He stated that the material was partly absorbed by 
lytic activity of ferments, partly removed by phagocytosis, and partly 
organized either by direct infiltration of connective tissue cells or by the 
formation of granulation tissue. 

The comparative observations on the fate of catgut, silk, and tantalum foil 
show how intimately polymorphonuclear and giant cells are associated with 
the foreign body reaction. 


The first visible evidence of tissue reaction to Collatissue A is a fibroblastic 
response. The degree of this response varies considerably in the same tissue, 
and is not intimately related to the period during which the implant was 
embedded. Both the fibroblastic response and the amount of absorption of 
the material varies considerably in different tissues. There are probably 
multiple factors involved in this variation. Differences in the vascularity of 
various tissues is likely to be an important factor. It seems possible that the 
degree of participation of Collatissue A in the function of the tissue in which 
it is implanted may be important. The implant is readily absorbed in muscle 
in which it can serve no useful function. On the other hand, Collatissue A 
that replaced a peritoneal defect survived and developed a well defined 
fibrous capsule on its visceral surface, thus performing the useful function of 
repairing a peritoneal defect. In this connection the results obtained by 
replacing a portion of the Achilles tendon in a dog by a strip of Collatissue A 
is of considerable interest. After removal of a plaster cast at the end of three 
weeks the animal had normal use of the limb in which the repair had been 
carried out. The dog was observed for a period of eight months. It was 
impossible to detect any difference in the two limbs when the dog ran and 
jumped. Bone grafts are known to behave in a similar manner. Bone 
implanted in muscle tends to undergo decalcification and to be absorbed or it 
may become encapsulated by fibrous tissue. Bone grafted into bone becomes 
incorporated in the living dynamic tissue of its new environment. 
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The experience gained in this study of the biological properties of Collatissue 
A commends its consideration as a source material in the plasticrepair of surgical 
defects and numerous other surgical procedures. A more extensive series of 
animal experiments is planned to inquire more specifically into its practical 
applications. Further studies of the biochemical, physical chemical, physical, 
and immunological properties of collagen derivatives are also required. The 
final evaluation of the practical value of Collatissue A in surgery can only be 
obtained from actual clinical trials. 


Summary of Results 


The various tissues of the cat that were studied in this investigation showed 
relatively little reaction to implants of Collatissue A. The response may be 
considered in two stages. There is, first, a proliferation of fibroblasts, derived 
from the surrounding connective tissue around the implant to form a capsule. 
Secondly, a cellular infiltration consisting of large and small mononuclear 
cells occurs. The latter resemble lymphocytes cytologically. Very few 
polymorphonuclear cells are seen and in some specimens there are none. 
Giant cells are rarely encountered. The cellular infiltration tends to be accom- 
panied by a change in the histological structure of the implant. The material 
becomes amorphous and stains more lightly, these changes occurring mainly 
near the surface of the implant. Collatissue changed in this way is replaced 
by fibrous tissue. 


The implanted specimens of silk, catgut, and tantalum foil called forth a 
typical foreign body response. In addition to the mononuclear cells there 
were large numbers of polymorphonuclear cells and numerous giant cells. In 
the case of silk and catgut especially, the giant cells were so large and the 
nuclei so numerous that they took on the appearance of a syncytium. 


Preliminary experiments failed to detect any antigenic properties for 
Collatissue A. 
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ACETYLCHOLINE AND NEURONAL ACTIVITY 


I. CHOLINESTERASE PATTERNS AND ACETYLCHOLINE IN THE 
CEREBROSPINAL FLUIDS OF PATIENTS WITH 
CRANIOCEREBRAL TRAUMA! 


By DonaLp B. TowER AND DONALD MCEACHERN 


Abstract 


Cerebrospinal fluid acetylcholine and cholinesterase determinations were 
made on 112 neurological and neurosurgical patients. Results on 15 patients 
with craniocerebral trauma and six psychiatric patients treated with electric 
shock convulsant therapy (E.C.T.) are reported in detail. Except for epileptics 
the only cerebrospinal fluid assays positive for acetylcholine occurred in the 
traumatic and E.C.T. groups, in which acetylcholine levels were 0.2 to 100+ 
ugm. %. In contrast to all other patients cerebrospinal fluid cholinesterases of 
traumatic and E.C.T. groups showed reversals of normal fraction patterns. 
These consisted of reduction of specific and increase of unspecified cholinesterase 
fractions, together with decrease of total cholinesterase activity. Acetylcholine 
levels and extent of cholinesterase fraction reversals paralleled the severity of 
cerebral damage, judged by clinical and electroencephalographic (E.E.G.) signs. 
Coma or semiconsciousness and depression of E.E.G. activity were associated 
with presence of acetylcholine and marked reversals of cholinesterase fractions 
in cerebrospinal fluids. In less severe cases and during recovery, when patients 
were disoriented and confused and E.E.G. activity was increased, cerebrospinal 
fluid acetylcholine decreased and disappeared, and cholinesterase values returned 
toward normal. Similar cerebrospinal fluid abnormalities were seen in patients 
after E.C.T. Changes in cerebrospinal fluid cholinesterase fraction patterns seem 
to be sensitive indications of extent of cerebral injury and progress toward re- 
covery. 


Introduction 


In the course of studies on acetylcholine and cholinesterases in cerebrospinal 
fluids from 112 neurological and neurosurgical patients, interesting findings 
were obtained in the group with craniocerebral trauma. The literature on 
experimental studies of the physiology of craniocerebral trauma has been 
reviewed by Bornstein (3). He carried out animal experiments to investigate 
the role of acetylcholine in the post-traumatic state. He felt that there was 
a relationship of post-traumatic behavior, electroencephalographic abnormal- 
ities, and cerebrospinal fluid acetylcholine levels with the severity of concussion. 
He was able to reproduce these changes in unanesthetized animals by perfusion 
of the cortex with acetylcholine in concentrations of 1.0 to 10.0 ugm. %. 
With concentrations below 2.0 ugm. %, Bornstein (3) observed excitatory or 
synchronizing effects of acetylcholine on behavior and on the electroencephalo- 
grams (E.E.G.), while depressant effects appeared at higher concentrations. 


We have reported in other papers the content and types of cholinesterases 
to be found in human cerebrospinal fluids (22) and the acetylcholine levels 
found in the same cerebrospinal fluid samples (8, 23). Three groups of 


1 Manuscript received December 2, 1948. 
Contribution from the Department of Neurology and Neurosurgery, McGill University, and 
the Montreal Neurological Institute, Montreal, Canada. 
This study was supported by a grant from the Rockefeller Foundation and was presented 


in part at the annual meeting of the American Society for Clinical Investigation, Atlantic City, 
N.J., May 3, 1948. 
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patients have been recognized. (a) Normal individuals and patients with 
various neurological disorders: In this group cerebrospinal fluid cholinesterase 
values were normal and acetylcholine was absent from the cerebrospinal fluid. 
(b) Epileptic patients: In this group cerebrospinal fluid cholinesterase values 
were normal and acetylcholine was present in the cerebrospinal fluids (in 
amounts from 0.02 to 5.0 ugm. %). (c) Craniocerebral trauma patients and 
patients treated with electric shock convulsant therapy (E.C.T.): In this 
group cerebrospinal fluid cholinesterase values were abnormal and acetyl- 
choline was present in the cerebrospinal fluids in most instances. Clinical and 
E.E.G. observations of the traumatic group indicated that we were seeing for 
the first time in human patients phenomena that Bornstein (3, 4) had described 
in experimental animals.* No cerebrospinal fluid cholinesterase determina- 
tions were made by Bornstein (3, 4), so that abnormalities in the enzyme values 
reported here are the first to demonstrate their association with craniocerebral 
trauma. 


Materials and Methods 


Cerebrospinal fluid samples from 112 neurological and neurosurgical patients 
were examined for acetylcholine levels, cholinesterase values, and routine 
constituents. Of the samples, 80% were obtained during pneumoencephalo- 
graphy, the remainder during ventriculography (4%) or lumbar puncture 
(16%). Cell counts, Pandy tests, and protein determinations were carried 
out on all samples. Cerebrospinal fluid cholinesterase activities and 
fraction characterizations (using acetylcholine (ACh), mecholyl (MeCh), and 
benzoylcholine (BCh) as substrates) were done by our modification (22) of 
the Warburg method of Ammon (ia), Odom ef al. (18) and Nachmansohn 
and Rothenberg (17). Cerebrospinal fluid samples for acetylcholine analysis 
were preserved by a modification (20) of the method of Babkin et al. (2) and 
later assayed by our modification of the method of Wait (24) on the isolated 
ventricle of Venus mercenaria (21). Electroencephalograms (E.E.G.) were 
taken by conventional four-channel ink-writing recorders through the coopera- 
tion of the Department of Electroencephalography. 


Results 


1. Cerebrospinal Fluid Acetylcholine and Cholinesterases 

Of the 112 patients studied 15 were cases of craniocerebral trauma and nine, 
cases treated by electric shock convulsant therapy (E.C.T.). Only these 
24 cases are considered at length in this paper. The clinical diagnoses of these 
patients are included in Tables III and IV. 


A total of 59 cerebrospinal fluid samples from 53 nonepileptic patients were 
assayed for acetylcholine.** The results are summarized in Table I. 
* The inclusion of patients treated by electric shock convulsant therapy (E.C.T.) with cases of 


craniocerebral trauma may seem surprising. We feel that the application of convulsive electric 
shocks to the cortex may be closely allied pathologically to a blow on the head (see Discussion). 


** The results of acetylcholine assays on 60 cerebrospinal fluid samples from 57 epileptic 
patients are reported in a separate paper (8, 23). 


Penton 
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TABLE I , 


CEREBROSPINAL FLUID ACETYLCHOLINE ASSAYS IN 53 NONEPILEPTIC PATIENTS 

















Sample type ACh positive ACh negative Total 
Craniocerebral trauma patients 7 (35 %) 13 (65 %) 20 
E.C.T. treated psychiatric patients 2 (33 %) 4 (67 %) 6* 
Untreated psychiatric patients 0 4 (100%) 4* 
Others 2 (7 %) 28 (93 %) 30 
Total 11 (18 %) 49 (82 %) 60 
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* One patient examined before and after E.C.T. 


It can be seen that 78% of the positive acetylcholine assays occurred in the 
traumatic groups of patients, while 65% of the negative acetylcholine assays 
were in the nontraumatic groups. In only two nontraumatic cases was | 
acetylcholine found in the cerebrospinal fluid. One of these was a case of 
Arnold-Chiari malformation and the other a case with no central nervous 
system disease. With these two exceptions the nonepileptic cerebrospinal 
fluid samples positive for acetylcholine were restricted to cases of craniocere- 
bral trauma (including E.C.T. cases). 


Cerebrospinal fluid cholinesterase determinations were done on 111 samples 
from 102 patients. The results when correlated with the clinical diagnoses 
are summarized in Fig. 1. We have previously pointed out that there were 
no significant differences among the various diagnostic groups with the excep- 
tion of the cases of craniocerebral trauma and those treated by E.C.T. (22). 
In most of the latter cases there was a tendency toward a lower rate of acetyl- 
choline hydrolysis and a definite reversal of the usual fraction patterns, con- 
sisting of a relative decrease in the specific cholinesterase fraction (MeCh 
activity) and an increase in the unspecified cholinesterase fraction (BCh 
activity). In Table II the reversals of cholinesterase fraction patterns for the 
various diagnostic groups have been summarized. Of the reversals, 77% 
were found in the two traumatic groups of patients, whereas 91% of the 
cases showing no reversals were in the nontraumatic groups. Of the five 
nontraumatic cases with a tendency toward cholinesterase fraction reversals 
there were two patients with focal epilepsy and three patients with subarach- 
noid hemorrhage, hydrocephalus, and third ventricle tumor (with bilateral 
ventriculocisternostomies) respectively. 


If the results of Tables I and II are compared, it is evident that patients 
with craniocerebral trauma showed striking differences from the rest of the 
patients in regard to cerebrospinal fluid analyses. These abnormalities recalled 
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the experimental concussion studies of Bornstein (3, 4). Accordingly detailed 
clinical and E.E.G. studies were combined with cerebrospinal fluid analyses in 
following the course of these patients. 


CHARACTERIZATION of CHOLINESTERASES in HUMAN CEREBROSPINAL FLUID 


AVERAGE VALUES for VARIOUS DIAGNOSTIC GROUPS 


& Rotes ACh Hydrolysis in mm? Covet Aron, 


59 []  acnvacn 
W/7 wnat Rotios 
BCh/ACh 
‘ 44 43 
39100 100 100 S 100 100 100 100 
32 33 

















TOTAL “NORMAL” 





‘ieaciainns EPILEPSY PSYCHOTIC PSYCHOTIC aacam AL 
Untreated After ECT.R, TRAUMA 
102 7 24 49 4 5 13 


Fic. 1. Correlation of cerebrospinal fluid cholinesterase values with clinical diagnoses in 
102 patients. (Diagnoses of crantocerebral trauma and psychotic cases are given in Tables III 
and IV respectively. Diagnoses of miscellaneous group were: intracranial tumor, five; no 
CNS disease, four; cerebral thrombosis, three; headache, CNS syphilis, hydrocephalus, Arnold- 
Chiari malformation, adhesive arachnoiditis, and aneurysm, two each; histamine cephalalgia, 
trigeminal neuralgia, myasthenia gravis, Meniére’s disease, cerebral aplasia, idiopathic in- 
creased intracranial pressure, and multiple sclerosis, one each.). 


TABLE II 


CEREBROSPINAL FLUID SAMPLES SHOWING REVERSAL OF NORMAL CHOLINESTERASE 
FRACTION PATTERNS 








Sample type Reversal No reversal Total 








Craniocerebral trauma patients 12 (63 %) 7 (37 %) 19 

E.C.T. treated psychiatric patients (83 %) 1 (17 %) 6* 
Untreated psychiatric patients 0 4 (100%) 4* 
Epileptics 2 (4%) 47 (96 %) 49 

Others 3 


(9 % 30 (91%) 33 







Total 


(20 %) (80% 














* One patient examined before and after E.C.T. 
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2. Correlation of Cerebrospinal Fluid Analyses with Clinical and Electro- 
encephalographic Observations 


To illustrate our findings four of the cases of craniocerebral trauma are 
briefly summarized and discussed. 


(1) Patient 911 JK, &, 37 


Diagnosis.—Bilateral subdural hydromata, simple skull fracture of the right 
base and parietal bone, craniocerebral injury (Fig. 2). 







PATIENT SIIJK: Auto Accident Aug. 22 
Skull Fracture, Bil. Subdural Hydromata 




















September 25 








October 9 - ORIENTED 








November 14 - ACTIVE 





150 uw 





| sec, 








Fic. 2. Clinical, electroencephalographic, and cerebrospinal fluid acetylcholine and cholin- 
esterase findings on Patient 911 JK. (For legend see Fig. 4). 


Case absiract.—Automobile accident, Aug. 22. Rendered immediately unconscious. 
Admitted 24 hr. later deeply comatose with right hemiparesis, bilaterally positive Babinski 
signs and rectal temperature of 107° F. Comminuted fracture of right base and parietal bone 
demonstrated by X-ray. Bilateral subtemporal craniotomies with drainage of bilateral sub- 
dural hydromata carried out at once. Remained semicomatose for the next 20 days. Pneumo- 
encephalogram on Sept. 11 demonstrated reaccumulation of subdural fluid. Following redrain- 
age patient responded but was disoriented, drowsy, and at times manic and hallucinating. 
He became oriented on Oct. 2, and was discharged on Oct. 10. He was followed for the next 
year during which time he returned to active work. 


The first cerebrospinal fluid sample was obtained at the time of pneumo- 


encephalography (Sept. 11), 20 days after the accident while the patient was 


still semicomatose. It contained the relatively large amount of 100+ ugm. % 
of acetylcholine and showed a virtual absence of the specific cholinesterase 
fraction and a markedly reduced rate of acetylcholine hydrolysis (Figs. 2 and 3). 
An E.E.G. on Sept. 25 during the period of somnolence and disorientation 
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showed extremely low voltage records from all head leads with occasional 
random slow waves from the right centrotemporal region. The second cere- 
brospinal fluid sample, taken during the same clinical period (on Sept. 30), 
contained 7.0 ugm. % of acetylcholine and showed some improvement in 
cholinesterase activity with reappearance of the specific cholinesterase fraction. 
One week after the patient became rational an E.E.G. (Oct. 9) showed improve- 
ment with increased amplitude, return of alpha rhythm on the right and random 
slow waves from the left central region. A cerebrospinal fluid sample on the 
same day contained no acetylcholine and showed further return of the cholin- 
esterase activity and fraction patterns toward normal. Re-examination a 
month after discharge (on Nov. 14) demonstrated still further improvement 
in the E.E.G. with return of alpha rhythm on the left and a decrease in slow 
wave activity. The electroencephalographic recovery was considered in gene- 
ral to be very good. The final cerebrospinal fluid analysis at this time showed 
absence of acetylcholine and a relatively normal cholinesterase fraction pattern 
together with further increase in cholinesterase activity (ACh hydrolysis). 


The case of 911 JK presented the most marked changes of any we observed, 
but it is typical of the findings in all the traumatic cases studied. There were, 
of course, other factors in this case such as an initial pyrexia of 107° F. and 
operative reintervention. The justification for assuming a correlation between 
E.E.G. and clinical state and the cerebrospinal fluid acetylcholine and cholin- 
esterase values rests with the other cases in our study. 


(2) Patient 1118 NG, 7,19 


Diagnosis.—Right basilar skull fracture, right epidural hematoma, cerebral 
contusion, craniocerebral injury (Fig. 4). 


Case abstract.—Struck by hit-and-run driver on Oct. 13 and rendered momentarily 
unconscious. During next three hours developed headache, irritability, vomiting, and drowsi- 
ness. On examination he was found to have right basilar skull fracture by X-ray and grossly 
bloody cerebrospinal fluid under increased pressure. Several days later decerebrate attacks 
developed. Transferred to Montreal Neurological Institute on Oct. 20, where examination 
showed stiff neck, positive Kernig’s sign, left seventh nerve paresis, paresis of left arm, and 
bilaterally positive Babinski signs. Ventriculogram demonstrated a fluid collection over 
right temporal region. Right subtemporal craniotomy and evacuation of an epidural hema- 
toma were carried out at once. Because of his failure to respond re-explorations were carried 
out one and three days later, but the patient remained in a semicomatose state for the next 
three months. By the end of January slight improvement was evident. This became definite 
in the next three months. He responded to commands, walked with help, and eventually 
could feed himself and call for necessary articles, although he remained unable to articulate. 
During this period he was very restless and difficult to control. He continued to improve, 
regaining ability to speak, and was discharged in September. 


The first cerebrospinal fluid sample was drawn about one month after 
admission (on Nov. 18) while the patient was still in a semicomatose state. 
It contained acetylcholine in a concentration of 2.0 ugm. % with a reduction 
of cholinesterase activity and a reversal of the normal fraction patterns 
(Fig. 4). E.E.G. at this time showed depression of cortical activity with 
bursts of high amplitude slow waves, particularly from the right temporo- 
parietal region. Three weeks later (on Dec. 9) a second cerebrospinal fluid 
analysis was made. It contained 1.5 uwgm.% acetylcholine and showed a 
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Fic. 3. Kymograph records of cerebrospinal fluid acetylcholine assays on Patient 911 JK 
by the Venus heart method of assay (21). 
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further decrease in cholinesterase activity and more marked reversal of the frac- 
tion pattern. Nochange in clinical state had been observed, and an E.E.G. at 
this time showed some deterioration from the previous record with evidence 
of increasing severity of right temporoparietal damage. A third cerebrospinal 
fluid analysis was made three months after admission (on Jan. 22) at which time 
clinical improvement was beginning. In the cerebrospinal fluid 1.0 ugm. % 
of acetylcholine was still present, but cholinesterase activity and fraction 
patterns showed a tendency toward improvement. The E.E.G. at this time 
was improved with reappearance of alpha rhythm on the left and a decrease 
in amplitude of the slow waves. On May 10 after three months of gradual 
improvement a final cerebrospinal fluid analysis showed disappearance of 
acetylcholine and a definite return of cholinesterase values toward normal. 
E.E.G. at this time demonstrated continuing improvement, characterized by 
reappearance of alpha rhythm on the right and a disappearance of slow waves, 


PATIENT IIISNG: Hit bya Cor Oct. 13 " 
Skull Fracture, Epidural Hematomo, 
Cerebral Contusion (Decerebrate Attacks) 


November 18 - SEMI-COMATOSE 
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Fic. 4. Clinical, electroencephalographic, and cerebrospinal fluid acetylcholine and 
cholinesterase findings on Patient 1118 NG. 


although some slow and sharp waves reversing over the right temporoparietal 
region suggested development of an epileptogenic focus there. The interesting 
feature of this case is the prolonged period of semicoma without clinical or 
electroencephalographic improvement during which time the abnormalities 
in the cerebrospinal fluid acetylcholine and cholinesterase values persisted. 
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(3) Patient 0109 GB, &, 29 


Diagnosis.—Left temporoparietal skull fracture, bilateral subdural hema- 
tomata, craniocerebral injury (Fig. 5). 


PATIENT OI109GB: Jeep Accident Dec. I8 | 150 uV 
Skull Fracture, Subdural Hematomata _|_sec, 
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Fic. 5. Clinical, electroencephalographic, and cerebrospinal fluid acetylcholine and 
cholinesterase findings on Patient 0109 GB (Note: CSF analysis dated Jan. 13 should read 
Jan. 20). 


Case abstract.—On Dec. 18 patient was thrown from jeep landing on his head. He 
remained in a restless, semicomatose state for five days at which time he was transferred to the 
Montreal Neurological Institute. On admission patient was comatose, with a left seventh 
nerve paresis, left hemiparesis, and left hyperreflexia. A linear left temporoparietal skull 
fracture was demonstrated by X-ray. Bilateral subdural hematomata were tapped by twist- 
drill holes immediately after admission, following which patient regained consciousness but 
remained confused and disoriented. Operative drainage of subdural spaces carried out the 
following day. Remained confused until Jan. 12 after which he was oriented and rational. 
Discharged on Jan. 23 well. 


An E.E.G. at the time of admission on Dec. 23, when the patient was still 
comatose, showed- evidence of generalized brain damage with absence of 
normal alpha rhythm (Fig. 5). During the period when the patient was con- 
fused and disoriented, the first cerebrospinal fluid sample was drawn (Jan. 9). 
It contained no acetylcholine but showed the typical abnormalities of choline- 
sterase values. An E.E.G. (Jan. 13), when the patient had become rational, 
showed marked improvement except for some bursts of four to six per second 
slow and sharp waves. A second cerebrospinal fluid sample (on Jan. 20) 
three days before discharge showed normal cholinesterase values. In this case 
the initial cerebrospinal fluid sampling was somewhat late in the post- 
traumatic course. Recovery had apparently progressed beyond the point 
where acetylcholine could still be detected in the cerebrospinal fluid, although 
the residual cholinesterase changes remained. 
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(4) Patient 0216 VB, 3, 30 


Diagnosis.—Right frontoparietal skull fracture, cerebral contusion, cranio- 
cerebral injury; multiple fractures right facial bones, contusion right eye 


(Fig. 6). 


PATIENT O2I6VB: Fell 20 ft. onto Head Feb. 5 
Skull Fracture, Cerebral Contusion 
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Fic. 6. Clinical, electroencephalographic, and cerebrospinal fluid acetylcholine and 
cholinesterase findings on Patient 0216 VB (For legend see Fig. 5). 


Case abstract.—Four days before admission (Feb. 5) patient fell estimated 20 ft. onto 
head. Not rendered unconscious but subsequently became drowsy and irrational. On admis- 
sion no neurological findings other than mental state of drowsiness and irrationality were 
elicited, but there was contusion of the right eye and evidence of multiple fractures of facial 
bones on the right. Right frontoparietal linear skull fracture demonstrated by X-ray. Pneumo- 
encephalogram on Feb. 16 suggested possibility of space-occupying lesion on the right, but 
exploration of subdural and subarachnoid spaces was negative. Diagnosis of intracerebral 
hemorrhage was entertained. Gradua! improvement took place, and he became clear and 
rational on Feb. 24. Discharged well on Mar. 5. 


An E.E.G. on Feb. 16 showed very little rhythmic activity, high amplitude 
slow waves, and evidence of right frontoparietal damage (Fig. 6). Cerebro- 
spinal fluid analysis at this time showed a small amount of acetylcholine and 
typical cholinesterase abnormalities. Ten days later (Mar. 4) at the time of 
discharge the E.E.G. was markedly improved with more regular alpha rhythm, 
decrease in slow wave activity, and higher amplitude of cortical activity. 
The cerebrospinal fluid sample taken at this time contained no acetylcholine 
and had normal cholinesterase values. 

All 15 craniocerebral trauma cases studied are summarized in Table III. 
There is considerable variation from case to case, depending upon the time of 
sampling and the degree of trauma. As typified by the four cases cited 
(Figs. 2, 4, 5, 6) the essential features were the following: first, the presence 
initially of acetylcholine in the cerebrospinal fluid together with reduced 
activity and reversal of the normal fraction patterns of cerebrospinal fluid 
cholinesterases, so that the unspecified cholinesterase fraction predominated ; 
second, the coinciding of these cerebrospinal fluid findings with depression of 
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the E.E.G. and the clinical state; third, parallel improvement of E.E.G. and 
clinical state with disappearance of acetylcholine from the cerebrospinal fluid 
and return toward normal of cerebrospinal fluid cholinesterase values (the 
cholinesterases apparently being more sensitive indicators in this regard); 
and fourth, an apparent rough correlation of acetylcholine levels in the cere- 
brospinal fluid with the extent of clinical and E.E.G. abnormalities, so that 
with high acetylcholine levels depression was observed, while at low acetyl- 
choline levels excitatory phenomena occurred. The observations correspond 
in general to the more precise experimental studies of Bornstein (3). In some 
cases other factors, in particular operative intervention, must be taken into 
account. Contamination of cerebrospinal fluids with subdural fluid, as seen 
in the last two cases of Table II] (V1205 KJ and 0203 CB), can be readily 
differentiated (22). In our other reports, factors of age, sex, cerebrospinal fluid 
cellular reaction, cerebrospinal fluid protein level, and medication of the 
patients have been shown to be of little or no significance for the results of 
cerebrospinal fluid acetylcholine and cholinesterase determinations. With the 
exception of cases of epilepsy and craniocerebral trauma clinical diagnoses 
have not had any bearing on results. The finding of acetylcholine in the cere- 
brospinal fluid in the presence of considerable amounts of cholinesterases has 
been shown to be possible because of the minimal or absent cholinesterase 
activity at such suboptimal substrate concentrations (8, 22, 23). 


3. Cerebrospinal Fluid Acetylcholine and Cholinesterase Studies in Nine 
Psychiatric Patients , 


In the nine psychiatric patients available for study only cerebrospinal fluid 
acetylcholine and cholinesterase determinations were possible. Four of these 
patients received no E.C.T. treatments prior to sampling. One of these 
(patient 0121 EF) was resampled after five E.C.T. treatments. The other 
five patients were sampled only after several E.C.T. treatments had been 
given.* The diagnosis and results of cerebrospinal fluid studies on these 
patients are summarized in Table IV. 

Cerebrospinal fluid samples from the four untreated patients contained no 
acetylcholine and had normal cholinesterase values. In contrast the E.C.T. 
treated patients, with a single exception (patient 01/20 HO’R), all showed 
changes in cerebrospinal fluid cholinesterase fraction patterns similar to those 
previously described for cases of craniocerebral trauma, namely, an increase 
in the unspecified cholinesterase fraction (BCh activity) and a decrease in the 
specific cholinesterase fraction (MeCh activity). In only two of the E.C.T. 
treated patients was acetylcholine found in the cerebrospinal fluid samples. 
Patient 0121 EF is most interesting because pre- and post-treatment samples 

* All electric shock convulsant therapy (E.C.T.) was given at the Allan Memorial Institute 
of the Royal Victoria Hospital. The patients were routinely pretreated to drowsiness with intra- 
venous sodium amytal. Electric shocks were administered from a standard Offner or Rahm 
machine through two electrodes, placed on vertex and temple respectively. In all these cases a 


convulsant dose of 700 ma. at a pulse interval of 0.7 msec. was applied for a treatment duration 
of two seconds. 
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TABLE IV 


CEREBROSPINAL FLUID ACETYLCHOLINE AND CHOLINESTERASE VALUES IN NINE 
PSYCHIATRIC PATIENTS 
































| | ChE ratios 

en Sex Age Diagnosis ep oe eee cow MeCh/ BCh 
ACh ACh 

1209 TD oa | 19 Anxiety state 0 0/1 0.42 36 12 

1230 EM fo } 37 Infectious psychosis 0 0/0.02 0.42 37 9 

0128 AG 9 | 43 | Anxiety state 0 0/0.3 0.60 34 18 
0121 EF Q9 | 48 Manic-depressive fo 0/0.1 0.32 36 16 \ 
‘4 0.2 0.32 29 30 f 

0119 RS 9 37 Manic-depressive 6 1.0 0.59 18 32 

0119 DM Q 37 Reactive depression 6 0/1 0.25 28 30 

0120 HO'R 2 56 Involutional melancholia 7 0/1 0.62 35 18 

0120 IG 9 32 Reactive depression 3 0/1 0.48 33 29 

0130 EC °) 36 Manic-depressive 3 0/1 0.30 36 30 





* Acetylcholine levels that are negative are expressed as O/threshold of test object in ugm. %. 
** Cholinesterase rate in cu.mm. CO2/ml. CSF/min. 


were obtained. The appearance of acetylcholine in the cerebrospinal fluid 
and the reversal of cholinesterase fraction patterns after five E.C.T. treatments 
were quite striking in this patient. 

The number of cases and the number of samples on each case are small but 
some conclusions seem warranted. The most marked cerebrospinal fluid 
abnormalities seemed to occur in cases with the most E.C.T. treatments. 
Because of the small quantities of acetylcholine found it is possible that some 
low acetylcholine values were missed. No explanation for the exception of 
patient 0120 HO’R to the general trend of cholinesterase values in the other 
five patients could be found. It is interesting that this patient was the only 
one of the six to show no response to treatment. 


Because of the findings presented in Table IV, together with the findings in 
accidental craniocerebral trauma (Table II1) and cases of spontaneous 
epileptic seizures (22), we regard the cerebrospinal fluid abnormalities in E.C.T. 
treated cases as due to a kind of cerebral trauma produced by the electric 
shock. The less marked cerebrospinal fluid abnormalities in E.C.T. cases 
would be consistent with the milder degree of trauma delivered. In dogs 
given convulsant doses of electric shock Bornstein (4) found acetylcholine 
in the cerebrospinal fluids of several animals. Bornstein and Stern (5), 
Brecht and Kummer (6), and Himwich (11) have reported finding acetyl- 
choline in the cerebrospinal fluids of patients following electric shock therapy. 
None have reported on the cerebrospinal fluid cholinesterases. Abnormalities 
in the E.E.G. (slow wave activity) (13) and atrophic gyri beneath the sites 
of electrode application (19) have been found after repeated E.C.T. treat- 
ments. These observations support our findings in the nine psychiatric 
patients studied. 





“ 








~ 
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Discussion 


The study of patients is beset with difficulties that can often be circum- 
vented in animal experiments. Bornstein (3) observed during perfusion of 
the cortex of the unanesthetized dog and cat a correlation between acetyl- 
choline levels in the cerebrospinal fluid and the E.E.G. pattern and behavior 
of the animals. We have observed this in the human cases reported here. 
With high acetylcholine levels (over 1.0 to 2.0 ugm. %) disturbances of con- 
sciousness up to semicoma or coma together with depression of electroence- 
phalographic activity were seen by both Bornstein (3) and us. As the level 
of acetylcholine decreases, patients and animals went through a period of rest- 
lessness and confusion before becoming normal. This was associated with 
increased activity (particularly slow and sharp waves) in the E.E.G. The 
cerebrospinal fluid cholinesterase changes, observed in our patients, seem to 
be even more sensitive indicators of the post-traumatic state than either the 
cerebrospinal fluid acetylcholine level or the E.E.G. The persistence of 
cholinesterase changes for long periods of time and their reversion to normal 
values coincident with clinical improvement are significant. 


It is not clear what the mechanisms are for the findings reported here. 
Acetylcholine may be liberated because of trauma to cerebral tissue (15) or 
during mass neuronal discharges following trauma (25) or both. Bornstein (3) 
has shown that acetylcholine in the concentrations found can produce the 
observed effects on the E.E.G. and clinical state. In our study of epileptic 
patients 77% had cerebrospinal fluid samples positive for acetylcholine in 
concentrations lower than those seen in traumatic cases (8, 23). It has been 
suggested that the liberation of acetylcholine into these cerebrospinal fluids 
was due to the repeated trauma to the cortex of epileptic seizures. If this were 
so, changes in cerebrospinal fluid cholinesterases might also be expected to 
be present. This is not the case (22), which suggests that the appearance of 
acetylcholine in cerebrospinal fluids of epileptics involves a different mechanism 
from that seen in craniocerebral trauma. 


Where the cerebrospinal fluid cholinesterase abnormalities also fit into the 
picture is difficult to say. We have previously suggested that the specific 
cholinesterase fraction is derived from nervous tissue and that the unspeci- 
fied fraction is contributed by an extra-neural source (22). The increased 
permeability of the blood-brain barrier following trauma could account for the 
increase in unspecified cholinesterase. The report of Kabat et al. (14) is in 
accord with this idea. Since Cohn et al. (7) have shown unspecified choline- 
sterase to be carried in the alphag globulin plasma protein fraction, it should 
be possible to apply the methods of Kabat et al. (14) to the further elucidation 
of this problem. The changes in the specific cholinesterase fraction may be 
due to relative inactivation of this enzyme fraction by increased destruction, 
decreased production, temporary inhibition, dilution with anenzymatic fluid, 
or any combinations thereof. It is conceivable that in certain cases cranio- 
cerebral trauma might impair the capacity of specific cholinesterase in cerebral 


) 
| 
i 
| 











118 CANADIAN JOURNAL OF RESEARCH. VOL. 27, SEC. E. 


tissue to cope with the high concentrations of acetylcholine liberated, so that 
the clinical course of the patient could be considerably altered (22). We feel 
that changes in the cerebrospinal fluid reflect changes in cerebral tissues and 
that attention should now be directed to an investigation of these tissues. 


Further studies of the problem may result in new treatments of the post- 
traumatic patient. The use of atropine to counteract the effects on the E.E.G. 
and clinical state of abnormally high cerebrospinal fluid concentrations of 
acetylcholine has been suggested by Bornstein (3). Darrow et al. (9), Grob 
et al. (10), and Wescoe et al. (26) have reported studies consistent with this 
idea. It is also of interest that Mendel and Hawkins (16) and Hyde et al. (12) 
have used cholinesterase experimentally to alter neuronal activity. Red blood 
cells, rich in specific cholinesterase, are still a relatively unused by-product of 
plasma production, which could be made available for trial in craniocerebral 
trauma. We have not yet had sufficient opportunity to investigate these and 
other promising therapeutic approaches. The possibilities for furthering our 
understanding of the pathological neurophysiological processes in craniocere- 
bral trauma and of the biochemistry of neuronal activity are many.* 
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ACETYLCHOLINE AND NEURONAL ACTIVITY 


il. ACETYLCHOLINE AND CHOLINESTERASE ACTIVITY IN THE 
CEREBROSPINAL FLUIDS OF PATIENTS WITH EPILEPSY! 


By DonaLp B. TowER AND DONALD MCEACHERN 


Abstract 


Cerebrospinal fluid acetylcholine assays were done on 119 samples from 109 
neurological and neurosurgical patients. Of these 56 were epileptic and 53 non- 
epileptic patients. Acetylcholine was present in the cerebrospinal fluids of 
eight (15%) of nonepileptics, six of whom were cases of craniocerebral trauma 
(previously shown to give positive assays). In contrast 44 (77%) of epileptic 
patients had positive cerebrospinal fluid acetylcholine assays in amounts of 0.02 
to 5.0 ugm. % acetylcholine (average 1.0 ugm. %). The presence of acetyl- 
choline in cerebrospinal fluids of epileptics was apparently related to the 
frequency of seizures, the occurrence of seizures, and the extent of ‘electroencephalo- 
graphic abnormalities in these patients. Factors of cerebrospinal fluid cholin- 
esterase values, medications, thresholds of assay methods, and types of epilepsy 
(with the exception of focal seizures due to intracranial tumor) seemed to be of 
no significance for these results. This study does not indicate whether the 
acetylcholine recovered in epileptic cases was directly related to the occurrence 
of seizures or merely a coincidental finding. The presence of acetylcholine in 
cerebrospinal fluids in association with epileptic seizures is considered to be 
significant in the light of previous studies discussed. 


Introduction 


There is much evidence to suggest a role for acetylcholine in the production 
of seizures. The present study is part of an attempt to define the biochemical 
mechanisms that underlie the epileptic discharge. The earlier literature has 
been well reviewed by Dale (18), Loewi (32), Feldberg (20), and Nachmansohn 
(38, 39), so that only pertinent studies will be considered here. Sjéstrand (47) 
was the first to observe an increase in cortical activity (by electroencephalo- 
graphy) with local application of small amounts of acetylcholine, eserine, and 
the like. Subsequent studies by Miller (36), Miller et al. (37), Williams and 
Russell (55), Brenner and Merritt (11), Merritt and Brenner (35), Chatfield 
and Dempsey (14), Forster et al. (24), Forster and McCarter (25), Bornstein 
(6), Hyde et al. (29), Grob et al. (27), and Freedman et al. (26) confirmed these 
findings. The effect of acetylcholine on cortical electrical activity was found 
to be similar to that of direct electrical stimulation or of indirect stimulation 
by nerve impulses and has been termed ‘‘epileptiform”’ in character (30). 


These observations led Forster (23) to call acetylcholine unique among true 
convulsants in that it is normally present in the brain and can cause seizure 
discharges. Several specific reports may be cited in support of this statement. 
Bornstein (6) demonstrated the production of “epileptiform” activity in the 
electroencephalogram during perfusion of the unanesthetized animal cortex 


1 Manuscript received December 2, 1948. 
Contribution from the Department of Neurology and Neurosurgery, McGill University, and 
the Montreal Neurological Institute, Montreal, Canada. 


This study was supported by a grant from the Rockefeller Foundation and was presented 
in part at the annual meeting of the American Neurological Association, Atlantic City, N.J., 
June 15, 1948. 
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with 1.0 to 2.0 ugm. % of acetylcholine. Beutner (5) found that acetyl- 
choline produced electromotive effects at phase boundaries in far smaller 
concentrations than any other physiological substance. Mendel and Hawkins 
(34) were able to inhibit nerve activity in vivo by injection of cholinesterases, 
and subsequently Hyde ef al. (29) inhibited or delayed electrically induced 
convulsions by pretreatment of the animal cortex with cholinesterases. Grob 
et al. (27) and Freedman et al. (26) observed epileptiform activity in the electro- 
encephalogram following administration to animals and man of the cholin- 
esterase inhibitor, diisopropylfluorophosphate (D.F.P.). Pope et al. (45) 
found that cholinesterase activity of experimentally produced focal epilepto- 
genic lesions was increased compared to surrounding and distant “normal” 
cortical tissues. On the basis of Nachmansohn’s work (38, 39), Pope et al. 
interpreted their results to indicate that acetylcholine metabolism might be 
increased in the epileptogenic tissue. Elliott (19) could not demonstrate any 
abnormality of respiratory metabolism in epileptogenic cortical tissues as 
compared with normal cortical tissues from animals and man. 

We have sought to obtain further information on the possible role of acetyl- 
choline in the mechanism of seizures. Our method of attack was based on 
Bornstein’s work (6) in which cerebrospinal fluids were found to contain 
acetylcholine following experimental concussion. The recovery of acetyl- 
choline from the cerebrospinal fluids of animals was first reported by Feldberg 
and Schriever (22), and subsequently by Adam ef al. (1), Chang et al. (12, 13), 
Chute et al. (15), and Berger (4). Its recovery from cerebrospinal fluids of 
man and animals was reported by Parrot and Lefebvre (43), Brecht and 
Kummer (10), Bornstein (7), Bornstein and Stern (8) following electrical 
stimulation of the cortex, and by Himwich (28) following metrazol convul- 
sions.* In only three instances has the association of acetylcholine in the 
cerebrospinal fluid with human epilepsy been reported (41, 9, 7). 


Materials and Methods 


Determinations were made on 119 cerebrospinal fluid samples from 109 
neurological and neurosurgical patients for acetylcholine, cholinesterases, and 
routine constituents. Of the samples, 80% were obtained during pneumo- 
encephalography, the remainder during ventriculography (4 %) and lumbar 
puncture (16 %). Cell counts, Pandy tests, and protein determinations (16) 
were done on all samples. Cerebrospinal fluid cholinesterase activities and 
fraction characterizations were done by our modification of the Warburg 
method of Ammon (2), Odom et al. (42), and Nachmansohn and Rothenberg 
(40) and have been reported in a previous paper (51). Cerebrospinal fluid 
samples for acetylcholine levels were preserved by a modification of the method 
of Babkin et al. (3, 48) and were assayed by our modification of the method of 


* The latter observation is of interest in view of the use of intravenous metrazol to activate 
epileptic foci (17, 31). 
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Wait (53) on the isolated ventricle of the mollusc, Venus mercenaria (50). 
Electroencephalograms were taken on conventional four-channel ink-writing 
recorders in cooperation with the Department of Electroencephalography. 


Results 


1. Cerebrospinal Fluid Acetylcholine and Cholinesterase Values 


Of the 109 patients studied 56 were epileptics and 53 nonepileptics.* In 
all cases the history of or the observation of clinical seizures were the criteria 
for placing patients in the epileptic group. One epileptic was not examined for 
cerebrospinal fluid acetylcholine. One nonepileptic has been counted twice 
because of a change in therapeutic status. Because of the occurrence of a 
single seizure during pneumoencephalography in two nonepileptic patients, it 
seemed advisable to classify them in both groups. The totals, therefore, in 
most figures and tables in this paper will read 57 epileptics and 54 nonepileptics. 

Results of cerebrospinal fluid acetylcholine assays in these two groups of 
patients are summarized in Fig. 1. It can be seen that 44 (77%) of the 
epileptic patients were found to have acetylcholine in the cerebrospinal fluid 
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Fic. 1. Results of acetylcholine assays on cerebrospinal fluid samples from epileptic and 
nonepileptic patients. 


* The nonepileptic group comprised the following: craniocerebral trauma, 13; psychoneurosis 
or psychosis, 10; intracranial tumor, five; headache (cause unknown), four; no CNS disease, four; 
cerebral thrombosis, three; CNS syphilis, adhesive arachnoiditis, and Arnold-Chiari malformation, 
two each; and Meniére’s disease, myasthenia gravis, trigeminal neuralgia, multiple sclerosis, 
cerebral aplasia, hydrocephalus, cerebral aneurysm, and undiagnosed CNS disease, one each. 
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at the time of sampling. In contrast only eight (15%) of the nonepileptics 
gave positive assays. Of these latter eight patients, six fell into the group with 
diagnoses of craniocerebral trauma, in whom positive acetylcholine assays 
could be exnected (52). Thus only two nonepileptics (4% of the total) 
remained 1s unexplained acetylcholine positives. The clinical diagnoses in 
these two cases were “No Central Nervous System Disease’’ and ‘‘Arnold- 
Chiari Malformation’, respectively. 

The amounts of acetylcholine found in the cerebrospinal fluids of the 44 
positive epileptics ranged from 0.02 to 5.0 ugm. % with an average value of 
1.0 uwgm.%. In Table | the ranges of values have been summarized. 


TABLE I 


RANGE OF VALUES OF ACETYLCHOLINE FOUND IN 
CEREBROSPINAL FLUID SAMPLES OF EPILEPTIC PATIENTS 




















Range in ygm. % No. of samples % 
0.01 - 0.25 11 24 
0.26 - 0.99 17 37 
1.0 - 1.99 10 22 
2.0 - 5.0 8 17 
Total 46 100 


Average value = 1.0 uwgm. % 





Almost two-thirds of the cerebrospinal fluid samples contained less than 
1.0 ugm. % of acetylcholine. This finding is in distinct contrast to our cases 
of craniocerebral trauma in whom the average was over 2.0 uwgm. %. In 
animals subjected to experimental concussion Bornstein (6) found cerebrospinal 
fluid acetylcholine levels from 2.7 to 9.0 wgm. %. Brecht (9) found up to 
0.1 uwgm. % of acetylcholine in cerebrospinal fluids of his few epileptic cases. 
Attempts to correlate our cerebrospinal fluid acetylcholine levels with the 
severity of the epileptic process proved inconclusive. Representative Venus 
heart kymograph tracings of positive and negative acetylcholine assays on 
cerebrospinal fluid samples from the epileptic group of patients are illustrated 
in Figs. 2 and 3 respectively. 

Cerebrospinal fluid cholinesterase determinations were carried out on a 
total of 102 patients, including 49 of the 57 epileptics. These findings are 
discussed in detail in another paper (51). It was found that the cholinesterase 
values (activity) and fraction patterns were not significantly different from 
those of the nonepileptic group, except for the changes previously reported 
in cases of craniocerebral trauma (51; 52, Fig. 1). Analysis of the epileptic 
group failed to demonstrate any significant correlations between cholinesterase 
values and types of epilepsy, seizure frequency, type of sample, presence or 
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absence of acetylcholine, or acetylcholine level (49). The apparent paradox of 
the finding of acetylcholine in cerebrospinal fluids in the presence of significant 
amounts of cholinesterases is due to the low substrate concentrations. The 
acetylcholine concentrations found (Table I) were about 0.001 % of the 
optimal concentrations normally used to measure cholinesterase activity. 
At such suboptimal concentrations of substrate the cerebrospinal fluid cholin- 
esterase activity is practically nil (51, Fig. 5). 


2. Analysis of Results in Terms of Factors not Strictly Peculiar to Epilepsy 

The results of cerebrospinal fluid acetylcholine assays in both the epileptic 
and nonepileptic groups of patients were first analyzed in terms of factors 
common to both groups. The factors of age and sex, of presampling medica- 
tion with various sedatives, and of thresholds of the acetylcholine assay 
method failed to show any significant relationships to the results of acetyl- 
choline assays on these samples. The duration of the epileptic disease process 
also proved to be of no significance to the results. 

Analysis of the possible effect of anticonvulsant medication given to epi- 
leptic patients on cerebrospinal fluid acetylcholine assays is given in Table II. 
The majority of our epileptic patients are taken off medication upon admis- 
sion in order to obtain satisfactory electroencephalographic records. Because 
of this fact the figures for medications prior to admission (A, Table II) are 
probably not significant. During admission (B, Table II) the percentages 
of acetylcholine positive and negative assays for the 18 patients receiving 
medications compare well both with the percentages for the 18 patients who 
were not on medication at any time and also with the percentages for the 40 
patients who were not on medication subsequent to admission. Anticonvul- 
sant medication, therefore, did not seem to have any significant effect on the 
results of cerebrospinal fluid assays for acetylcholine in these patients. 





Fic. 2. Kymograph records of positive acetylcholine assays by the Venus heart method (50) 
on cerebrospinal fluid samples from epileptic patients. 


- 


(Legend: ACh = acetylcholine in concentrations of 0.025 = 1.0 pgm.% 
0.00875 = 0.35 pgm.% 
0.001 = 0.04 ugm.% 
Fi = 0.4 pgm.% 
w = wash 
h or hyd = hydrolyzed sample 
0129PP = CSF sample on patient with cerebral seizures, unlocalized 


1128PMacC = CSF sample on patient with focal left parieto-occipital seizures 
due to cystocercosts 


1218CG = CSF sample on patient with focal right temporal seizures (cause 
undetermined) 

1217GN = CSF sample on patient with focal left temporal seizures (cause 
undetermined) 

916RMacD = CSF sample on patient with focal right temporoparietal seizures 


due to calcified ependymoma) 
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Fic. 3. Kymograph records of negative acetylcholine assays by the Venus heart method (50) 
on cerebrospinal fluid samples from epileptic patients. 


(Legend: ACh 


w 
917SD 


0113BP 
0203 AG 


1128DG 





“acetylcholine in concentrations of 7.5 X 10- = 3.0 pgm.% 
1.0 


0.025 ~ ugm.% 

wash 

CSF sample on patient with focal left sensorimotor seizures due to 
parasagittal meningeal fibroblastoma 

CSF sample on patient with cerebral seizures, unlocalized 

CSF sample on patient with focal cerebral seizures (localization in 
doubt) with tumor (suspected) 

CSF sample on patient with focal insular seizures (lateralization and 
cause undetermined) ) 
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TABLE II 


EFFECT OF ANTICONVULSANT MEDICATION ON RESULTS OF CEREBROSPINAL FLUID ACETYLCHOLINE 
ASSAYS IN EPILEPTIC PATIENTS 




















Medication Total samples ACh positive ACh negative 
A. Preadmission 
None 20 14 (70 %) 6 (30 %) 
Phenobarbital 7 3 (44 %) 4 (56 %) 
Dilantin 8 7 (88 %) 1 (12 %) 
Phenobarbital and dilantin 11 11 (100 %) 0 
Others* 12 10 (83 %) 2 (17 %) 
Total 58 45 (77 %) 13 (23 %) 
B. During admission 
None 40 30 (75 %) 10 (25 %) 
Phenobarbital 7 5 (71 %) 2 (29 %) 
Dilantin 2 1 (50 %) 1 (SO %) 
Phenobarbital and dilantin 6 6 (100 %) 0 
Others* 3 3 (100 %) 0 
Total 58 45 (77 %) 13 (23 %) 
None (before or during admission) 18 12 (67 %) 6 (33 %) 














* Other medications were tridione, bromides, mebaral, gardenal, and sodium amytal. 


3. Analysis of Results in Terms of Factors Peculiar to Epilepsy 
(A) Types of Epilepsy 

The relationships of cerebrospinal fluid acetylcholine assays to clinical 
types of epilepsy given in Fig. 4 were based on Penfield’s (44) classification of 
the epilepsies. From Fig. 4 it can be seen that the type of epilepsy was 
without significance except in cases of focal seizures due to intracranial tumor. 
In this latter group the seven negatives comprised over half the total of 13 
acetylcholine negative assay cases encountered. Analyses of the types of 
tumors and their localizations were of no help in explaining this finding. 


(B) Frequency of Seizures 
From case histories, three frequency groups for seizures prior to 
admission were chosen: weekly, one or more seizures per week; monthly, less 
than one seizure per week but one or more per month; and yearly, less than one 
t Tumor types were: ependymoma, one* ; hemangioma, two*; astrocytoma (unclassified), one; 
astrocytoma diffusum, two*; glioma (type undetermined), one; meningeal fibroblastoma, two; 
tumor (suspected), two*. Localizations were: frontal, three*; precentral, two; temporal, two**; 


insular, one*; olfactory groove, one; not recorded, two. (Each * represents one acetylcholine 
positive assay). 
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CORRELATION OF CSF ACETYLCHOLINE ASSAYS WITH TYPES OF EPILEPSY 
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Fic. 4. Correlation of results of cerebrospinal fluid acetylcholine assays with types of 
epilepsy. 


seizure per month. The relationships of cerebrospinal fluid acetylcholine 
assays to seizure frequency is illustrated in Fig. 5, A. In addition the frequency 
of patients’ seizures observed during hospital admission have been correlated 
with acetylcholine assay results in Fig. 5, B. From these two graphs it is clear 
that the majority of cerebrospinal fluid samples positive for acetylcholine 
occurred in patients with frequent seizures, while the majority of negative 
assays were in patients with infrequent seizures. 


(C) Occurrence of, Seizures and Electroencephalographic Abnormalities 

In Fig. 6 the correlation of acetylcholine assays with the time of sampling 
in relation to clinical seizures has been summarized. The classification of 
samples was arranged in ictal, postictal, and interictal groups. Only samples 
drawn within six hours of an observed clinical seizure were classified as post- 
ictal. All others, except true ictal samples, were designated as interictal. 
The graph shows that all 13 acetylcholine negative cases were restricted to 
the interictal group, while all 15 ictal and postictal samples were positive for 
acetylcholine. It is of interest to recall that of the six psychiatric cases 
treated by electric shock convulsant therapy (E.C.T.), which we reported in a 
previous paper (52), only two were positive for cerebrospinal fluid acetyl- 
choline, although all these samples were taken within 15 min. of the electrically 
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CORRELATION OF CSF ACETYLCHOLINE ASSAYS 
WITH FREQUENCY OF EPLEPTIC SEIZURES 
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Fic. 5. Correlation of results of cerebrospinal fluid acetylcholine assays with frequency of 
clinical epileptic seizures: A—prior to admission (above dotted line) and B—during hospital 
admission (below dotted line). 


induced generalized seizures. This difference together with changes seen in 
the cerebrospinal fluid cholinesterases of the E.C.T. group of patients led us 
to consider them more typical of cases of craniocerebral trauma than of cases 
of epilepsy (52). 

Because of the importance of subclinical epileptic seizures and the electro- 
encephalographic abnormalities reflecting them, an attempt has been made to 
correlate the extent of electroencephalographic abnormalities with the results 
of cerebrospinal fluid acetylcholine assays. This is summarized in Table III. 
The classifications given are rather general, based only upon the predominant 
electroencephalographic abnormalities. The results shown in Table III are a 
corollary to those in Fig. 6, since the majority of acetylcholine positive assays 
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CORRELATION OF CSF ACETYLCHOLINE assays 
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Fic. 6. Correlation of results of cerebrospinal fluid acetylcholine assays with occurrence of 
clinical epileptic seizures. (Samples defined as ictal, during seizure; postictal, within six hours 
after seizure; interictal, all other samples.) 


TABLE III 


CORRELATION OF CEREBROSPINAL FLUID ACETYLCHOLINE ASSAYS WITH PREDOMINANT ELECTRO- 
ENCEPHALOGRAPHIC ABNORMALITIES 











E.E.G., record abnormality Total ACh positive ACh negative 
1. Paroxysmal bursts or continuous slow 
and sharp wave activity 
A. Idiopathic three per second wave and 8 8 0 
spike 
B. Other complexes 17 16 1 
25 24 (96 %) 1 (4 %) 
2. Random or diffuse slow and sharp wave 13 8 (62 %) 5 (38 %) 
activity 
3. Borderline or no abnormality 10 5 (50 %) 5 (50 %) 
4. Not tested or record unsatisfactory 9 7 2 
Total 57 44 (77 %) 13 (23 &%) 
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were found to coincide with the more extensive electroencephalographic 
abnormalities, whereas the negative acetylcholine assays fell into the groups 
with little or no electroencephalographic abnormalities. 


(D) Summary 


Acetylcholine assays were made on 119 cerebrospinal fluid samples from 
56 epileptic and 53 nonepileptic patients. With the exception of cases of 
craniocerebral trauma (52), acetylcholine was not found in the nonepileptic 
patients. Acetylcholine was found in the majority (77 %) of patients with 
epilepsy at an average level of 1.0 ugm. %, and its presence in the cerebro- 
spinal fluid seemed to relate to the frequency and occurrence of seizures. 
Cerebrospinal fluid cholinesterase values, medications, assay thresholds, and 
other factors had no apparent bearing on these findings. It is not clear from 
this study whether the appearance of acetylcholine in the cerebrospinal fluids 
of epileptic patients is a cause or result of the seizures or merely a coincidental 
finding. 

Discussion 


There must always be an element of doubt as to the identity of a biological 
substance until it has been chemically isolated. The amounts of acetylcholine 
appearing in the cerebrospinal fluids of our cases are readily measured by 
the sensitive biological test employed, but they are too small to make chemical 
identification feasible. The assay method employed is, however, highly 
specific for acetylcholine (54). Of the three substances most likely to interfere, 
potassium is without effect in two to three times the concentration found in 
blood serum (50) ; histamine is without effect in concentrations several hundred 
times those actually found in cerebrospinal fluid (46); and adenosine triphos- 
phate or its derivatives survive the hydrolysis to which test samples have been 
routinely submitted in order to prove the identity of active substance with 
acetylcholine (21). 

Several reasons for the presence of acetylcholine in the cerebrospinal fluids 
of epileptic patients could be advanced. Muscular activity during a seizure 
might in some way be responsible for the appearance of acetylcholine in the 
cerebrospinal fluid. Blood cholinesterase activity could be expected to deal 
with such liberated acetylcholine. Furthermore our finding of positive 
samples from epileptic patients with petit mal attacks only and of a correlation 
between presence of acetylcholine and degree of electroencephalographic 
abnormality argues against the importance of muscular activity. Since the 
work of Lorente de N6é (33) it has been known that acetylcholine can be 
liberated from nervous tissue as a result of trauma. The findings of Bornstein 
(6) in animals subjected to experimental concussion and our own observations 
on human cases of craniocerebral trauma (52) confirm this fact. The question 
arises as to whether the results we have reported here do not represent the 
recovery of acetylcholine liberated as a result of the trauma to the cerebral 
cortex of repeated seizures. In our human cases of craniocerebral trauma we 
found typical changes in cerebrospinal fluid cholinesterases to be more sensitive 
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indicators of the extent of trauma than the presence of acetylcholine in the 
cerebrospinal fluid (52). These cholinesterase changes were entirely lacking 
in the epileptic patients studied. 

We conclude that acetylcholine is present in the cerebrospinal fluids of 
epileptic patients as a result of some other process than muscular activity or 
trauma, and that its presence is associated with the occurrence of the epileptic 
seizures. The patients in whom we were able to obtain multiple samples proved 
to be consistently positive. Weare unable to say whether acetylcholine plays a 
causative role in seizures or whether its appearance in the cerebrospinal fluid 
is merely a reflection of other events. It may be argued that, if acetylcholine 
is concerned with the onset of seizures, atropine should act as a preventive. 
Physicians formerly used to include belladonna in the therapeutic regime for 
epilepsy with some good results. However, the nullifying effect of atropine on 
acetylcholine when applied to the cortex may be of a low order. Atropine, 
for example, has no effect on cholinergic transmission at the myoneural junction 
of skeletal muscle, whereas it can completely block transmission to visceral 
muscle. 

Recent studies indicate that the potent anticholinesterase, diisopropyl- 
fluorophosphate (D.F.P.) increases electrical potentials of the cortex and may 
lead to electroencephalographic seizure patterns (27, 26). Furthermore the 
work on specific cholinesterase in the brain suggests that acetylcholine may 
be intimately concerned with epileptiform cortical discharges (34, 29, 45). 
In this paper we have demonstrated the presence of acetylcholine in the cere- 
brospinal fluids of epileptic patients in association with the occurrence of 
seizures. A study of epileptogenic brain tissue itself in the light of these 
observations would now appear to be in order. 
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THE CONTENT AND CHARACTERIZATION OF CHOLINESTERASES 
IN HUMAN CEREBROSPINAL FLUIDS! 


By DonaLp B. TOWER AND DONALD MCEACHERN 


Abstract 


Determinations of cerebrospinal fluid cholinesterase activities and fractions 
were made on 114 samples from 104 neurological and neurosurgical patients. 
Details of methods are given. Average rate of acetylcholine hydrolysis was 
0.39 cu. mm. carbon dioxide per ml. CSF per min. or approximately 0.5% of 
the cholinesterase activity of an equal volume of blood or serum. Characteriza- 
tion of cholinesterase fractions, using mecholyl and benzoylcholine as sub- 
strates, showed human cerebrospinal fluid to contain specific cholinesterase 
with a small component of unspecified cholinesterase. Differences of blood and 
subdural fluid fraction patterns are demonstrated. 


No correlation of cholinesterase values with cerebrospinal fluid cell counts 
were found. Attempts to correlate cholinesterase values with cerebrospinal fluid 
Pandy tests and protein levels were inconclusive, although samples with positive 
Pandy tests and abnormally high protein levels showed a tendency toward 
decrease in specific and increase in unspecified cholinesterases. No correlation 
of cerebrospinal fluid cholinesterase values with clinical diagnoses was demon- 
strated with the exception of cases of craniocerebral trauma and cases treated 
by electric shock convulsant therapy, where a decrease in specific and a marked 
increase in unspecified cholinesterase fractions were observed. At acetylcholine 
substrate concentrations in the “physiological range”’ (0.01 to 10.0 ugm. %) 
cerebrospinal fluid cholinesterase activities were markedly reduced or absent. 


Introduction 


The present study was undertaken in an attempt to provide a clearer under- 
standing of the role of cerebrospinal fluid cholinesterases in normal and disease 
processes. 

Several reports on cerebrospinal fluid cholinesterases have appeared in the 
literature. In 1930 Plattner and Hinter (37) found cerebrospinal fluid 
cholinesterase activity to be 1/20 to 1/25 that of blood serum cholinesterase. 
Vahlquist (49) and Stedman and Stedman (42) were unable to demonstrate 
any cholinesterase activity in spinal fluid. Ginsberg et al. (21) also questioned 
its presence there. However, Altenburger (3) reported spinal fluid cholin- 
esterase activity to be 1/250 that of the blood. Bender (5) found 1 to 2% of 
the activity present in blood serum. He noted that the spinal fluid alle 
esterase activity was so low that apparently not all the acetylcholine that 
might be liberated into it would be destroyed. Pinotti and Tanfani (36), 
Birkhauser (7), and Glasson and Mutrux (22) have also found cholinesterases 
present in cerebrospinal fluid with about 1/200 the activity of blood and blood 
serum. A characterization of the types of cholinesterases present was made 
by Glasson and Mutrux (22). They concluded that cerebrospinal fluid 
contained specific cholinesterase in a concentration about 1/200 that of red 
cells, together with a smaller quantity of ‘‘ali-esterase’”’ A preliminary 
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report by Reiss and Hemphill (39) confirmed these findings by a somewhat 
different method. The four most recent studies cited have shown that there 
was considerable variation in the cholinesterase activities of individual spinal 
fluid samples, which did not seem to be well correlated with cellular reaction 


or protein content of the fluids. No reports have been made on large groups 
of patients. 


Of the several methods for determining cholinesterases the one most 
commonly employed is the Warburg method of Ammon (4a), in which sub- 
strate esters are split by the enzyme to liberate the substrate acid. In the 
presence of bicarbonate the acid liberates carbon dioxide gas, which can be 
measured manometrically. Modifications of this principle for very small 
quantities have been used to measure the liberated acid directly by a micro- 
titrimetric method (23), to measure the gas evolution by the “‘Cartesian diver” 
technique (8), and to measure the residual acetylcholine after completion of 
the reaction (14). We have used a modification of the method of Ammon (4a) 
reported by Odom et al. (34). 


Characterization of cholinesterases depends on the demonstration of two 
general types of cholinesterases in the blood by Alles and Hawes (2), which 
was subsequently confirmed by Richter and Croft (40), Mendel and Rudney 
(31) and Mendel, Mundell, and Rudney (30). By the use of mecholyl (acetyl- 
B-methylcholine), benzoylcholine, and other choline and noncholine esters, 
certain differences in patterns of response were found, which were charac- 
teristic of the different types of cholinesterases. The theoretical basis of this 
method is schematically summarized in Fig. 1. It depends on the following 


CHARACTERIZATION of CHOLINESTERASES in 
HUMAN CEREBROSPINAL FLUID 


TYPES of SUBSTRATE HYDROLYSIS 
CHOLINESTERASES ACh MeCh BCh 





SPECIFIC 
(true) 


SK 


Fic. 1. Theoretical basis of qualitative characterization of cholinesterases. (ACh = 
acetylcholine; MeCh = mecholyl; BCh = benzoylcholine. ) 
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observations: (a) acetylcholine (ACh) is hydrolyzed by both esterase 
fractions; (b) mecholyl (MeCh) is selectively hydrolyzed by specific (or true) 
cholinesterase fractions; and (c) benzoylcholine (BCh) is selectively hydro- 
lyzed by the unspecified (nonspecific or pseudo-) cholinesterase fractions 
(30, 32).* Since these are qualitative distinctions, Nachmansohn and 
Rothenberg (32) devised a method for making quantitative comparisons. 
The rates of hydrolysis of various substrates were reported as ratios of the 
rate of acetylcholine hydrolysis by the same sample (with ACh/ACh always 
equal to 100). By this method the two types of cholinesterases could be 
defined by their MeCh and BCh ratios as follows: specific cholinesterase: 
MeCh/ACh = 30-60; BCh/ACh = + 1 and. unspecified cholinesterase: 
MeCh/ACh = 1-5; BCh/ACh = 50-250 (32). A modification of this 
method has been used for characterization of cerebrospinal fluid cholin- 
esterases in this study. 


Materials and Methods 


Cerebrospinal fluid samples (114 samples) from 104 neurological and neuro- 
surgical patients were studied. Three samples proved to be subdural fluids and 
are considered separately from the 111 CSF samples. Of the CSF samples, 80% 
were obtained during pneumoencephalography, the remainder during ventri- 
culography (4%) or lumbar puncture (16%). Care was taken to mix the 
total fluid volume drained from the subarachnoid spaces and ventricles before 
taking samples for study. 


All CSF samples were examined for cell count, Pandy reaction, protein 
level, and acetylcholine as well as for cholinesterases. Protein determinations 
were done by the microturbidimetric method of Cipriani and Brophy (16). 
Acetylcholine assays were done by our modification of the method of Wait 
(50, 46) and will be reported elsewhere (47, 48, 18). The initial 30 samples 
were also analyzed for sugar, chlorides, and Lange curve reaction, but since 
it became evident that these determinations had no bearing on the main 
study they were discontinued. 


CSF samples for cholinesterase determinations were simply refrigerated at 
5° to 10°C. until used. Under such conditions the enzyme has been shown 
to be stable and to remain suitable for testing for several weeks (25). Our 
method for determining cholinesterase activity and fractions is as follows. 


(1) Apparatus 


A conventional Warburg apparatus with an electrically driven bath stirrer 
and shaker panel (set at 116 to 120 oscillations per min.) and a thermo- 
statically controlled constant temperature bath (set at 37.5° C.) was used. 


* The terminology of cholinesterase fractions has become rather confusing. It has seemed to 
us that the most reasonable terminology is that used throughout this paper, namely, specific cholin- 
esterase for that fraction specific to the nervous system and neuromuscular tissues and unspecified 
cholinesterase for that fraction found in other body tissues and fluids for which no specific function 


been discovered. The terms “true,” ‘‘nonspecific” or ‘‘pseudo-"’ suggest connotations for which 
no evidence has yet been offered. 
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Calibrated manometers filled with Brodie’s solution and fitted with calibrated 
conical Warburg flasks completed the apparatus. 


(2) Materials 


CSF volume of 1.5 ml. per flask was chosen on the basis of the desired 
rate of gas evolution for enzyme activity 0.5% that of blood serum (34). 
Substrate concentrations, experimentally derived on the basis of the reports 
of Nachmansohn and Rothenberg (32) are given in Table I. Bicarbonate 
solution, experimentally modified from Nachmansohn and Rothenberg (32) 
and Odom et al. (34), is also given in Table I. 


TABLE I 











A. Substrate concentrations used* 





Initial Final molar 
Substrate concentration in % concentration 

















Acetylcholine 0.5 6.9 X 107° 
Mecholyl 1.0 1.3 X 10° 
Benzoylcholine 1.0 1.0 X 10 
B. Bicarbonate solution used* ° 

Salt Initial —_— Final molar 


concentration in % concentration 





NaCl 0.9 80 3.1 X 107 
NaHCO; 1.3 16 6.2 X 1073 
MgCl: . 6H;0 2.24 4 1.1 X 1073 














* For use with 0.5 ml. substrate-bicarbonate solution and 1.5 ml. enzyme 
solution = fluid reaction volume of 2.0 ml. 


(3) Procedure 


CSF (1.5 ml.) was pipetted into the body of each flask and 0.5 ml. of 
substrate in bicarbonate solution (Table I) was placed in the side bulb. 
Duplicate runs were made on all samples reported here. A third flask was 
included in each sample run as a combined thermobarometer and auto- 
hydrolysis indicator. All flasks were saturated with 95% nitrogen — 5% 
carbon dioxide gas, placed in the constant temperature bath, and shaken for 
20 min. to achieve equilibrium. Zero readings were taken, the substrate 
and enzyme solutions thoroughly mixed, and the reaction followed. Mano- 
meter readings were taken at five minute intervals for the first 20 min. and 
at 10 to 20 min. intervals thereafter for 60 min. reaction time. (The first 50 
runs were followed for 80 min. and showed no dropping off of the plotted 
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rate of hydrolysis.) After applying corrections for the thermobarometer— 
autohydrolysis deviations and the flask constants, the resulting standard gas 
volumes were plotted graphically against time and the rates of substrate 
hydrolysis derived from the slopes of the lines plotted. Cholinesterase 


fraction patterns were calculated from the hydrolysis rates so determined 
(Figs. 2, 3, 4). 


1. Human Cerebrospinal Fluid Cholinesterase Content (Activity) and Fraction 
Patterns 
The cholinesterase values obtained from examination of 111 cerebrospinal 


fluid samples from 102 patients are given in Table II. Averages of the results 


TABLE II 
RANGE OF CEREBROSPINAL FLUID CHOLINESTERASE VALUES 











Rates of hydrolysis Substrate ratios 
Substrate (in cu. mm. CO2/mi./min.) (S/ACh) 
Acetylcholine 0.12-0.89 100 
Mecholy! 0.02 —0.30 8-52 
Benzoylcholine 0.00-0.19 0-43 








on these patients are illustrated in Fig. 2. It may be seen that the average 
rate of acetylcholine (ACh) hydrolysis was 0.39 cu. mm. carbon dioxide per 
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Fic. 2. Cerebrospinal fluid cholinesterase values (For legend see Fig. 3. Rates are given 
per ml. of CSF). 
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ml. CSF per min., and that the average substrate ratios were 33 for MeCh/ACh 
and 17 for BCh/ACh. By the definition of Nachmansohn and Rothenberg 
(32) these values characterize the cerebrospinal fluid cholinesterases as con- 
sisting mostly of a specific cholinesterase fraction with a small unspecified 
cholinesterase fraction. Our findings agree with the reports of Birkhauser 
(7) (average ACh activity of 0.34 cu. mm. carbon dioxide per ml. CSF per 
min. in 46 cases) and of Glasson and Mutrux (22) (average ACh activity of 
0.42 cu. mm. carbon dioxide per ml. CSF per min. in 60 cases). Reiss and 
Hemphill (39), using a method similar to ours in 42 mental patients, reported 
a comparable range of values, although their average rates of hydrolysis were 
somewhat higher (for ACh 0.71 to 0.79 cu. mm. carbon dioxide per ml. 
CSF per min.). Because of somewhat different conditions in their experi- 
ments it is not possible to compare results further. 


Cholinesterase levels in normal blood samples studied by us agreed well 
with those reported by Odom et al. (34) and Nachmansohn and Rothenberg 
(32). One such sample is illustrated in Fig. 3. The distinction of the two 
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Fic. 3. Blood cholinesterase values. 


principal types of cholinesterases known to exist in human blood was shown 
by the specific pattern of the red blood cells and the unspecified pattern of 
the serum. The mixture of these two fractions produced a pattern for whole 
blood that was analogous to that seen for cerebrospinal fluid (Fig. 2). The 
comparison of the rates of hydrolysis for samples of blood with the average 
rates for cerebrospinal fluids showed that cerebrospinal fluid cholinesterases 
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had an average activity of about 1/225 (0.45%) that of an equal volume of 
serum, and 1/285 (0.35%) that of an equal volume of whole blood. No 
attempt was made to correlate blood and cerebrospinal fluid cholinesterase 
values in the same patient. 

In Fig. 4 average cholinesterase values from three samples of subdural 
fluids obtained from subdural effusions (during ventricular puncture) contrast 
with the cerebrospinal fluid values obtained in other cases. The subdural 
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Fic. 4. Subdural fluid cholinesterase values (For legend see Fig. 3. Rates are given per 


ml. of fluid ). 


fluids resembled blood serum in their cholinesterase fraction patterns, although 
the activity was about 2% that of the serum. Cholinesterase activity of 
subdural fluids (with ACh as substrate) was five times the average cerebro- 
spinal fluid activity. These differences of subdural fluids have been of some 
practical value in detecting probable contamination of cerebrospinal fluid 
samples with subdural fluid. In our study of cases of craniocerebral trauma 
this has assumed considerable importance (47). 


2. Correlation of Cholinesterase Values with Other Constituents of Human 
Cerebrospinal Fluids 
Cell counts were done on 100 of the 111 cerebrospinal fluid samples. In 
Table III comparisons of the effects of normal and increased numbers of 
white cells and red cells in the cerebrospinal fluid with cholinesterase values 
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TABLE III 


COMPARISON OF CEREBROSPINAL FLUID CELL COUNTS 
WITH CHOLINESTERASE VALUES 








A. White blood cells 

















, Over 6 
0-6 WBC WBC 
Number of samples 84 16 
Average WBC /ml. — 20 
ChE rates (cu. mm. CO2/ml./min.) 
ACh 0.39 0.39 
MeCh 0.13 0.12 
BCh 0.07 0.07 
ChE ratios 
MeCh/ACh 33 31 
BCh/ACh 17 17 
B. Red blood cells 
0-50 RBC | 50-100 RBC | 100-500 RBC] Over 300 - 
Number of samples 78 9 11 2 
Average RBC/ml. 9-10 73 134 640 
ChE rates (cu. mm. CO:/ml./min.) 
ACh 0.39 0.46 0.34 0.34 
MeCh 0.13 0.13 0.12 0.12 
BCh 0.07 0.08 0.07 0.06 
ChE ratios 
MeCh/ACh 33 28 35 35 
BCh/ACh 17 17 21 18 

















have been summarized. No significant differences were apparent. Ginsberg 
et al. (21) were unable to find any cholinesterase activity in white blood cells. 
Calculation of the volume of carbon dioxide liberated by each red cell showed 
that a contamination of 2000 red cells per ml. would be necessary to produce a 
significant increase in cholinesterase activity (more than 1.0 cu. mm. carbon 
dioxide per hour).* None of the cerebrospinal fluid samples in our study 
showed a pronounced pleocytosis, and in no case did the red cell count exceed 
710 per ml. Possibly, in cases of acute meningitis, differences would be 
found (7), but these could be due to the effects of altered permeability of the 
blood-brain barrier as a result of inflammation rather than to pleocytosis 

* The rate of ACh hydrolysis by red cells ( * Fig. 3) was 55 cu. mm. carbon dioxide per ml. 


RBC per minute with a red cell count of 5.5 million per ml. This is equivalent to approximately 
0.0006 cu. mm. carbon dioxide per red cell per hour. 
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per se. Ina similar fashion the slight decrease in the specific cholinesterase 
fraction seen with red cell counts of 50 and over (Table III) may have been 
due to serum added with the cells. Therefore, we have concluded that in 
the samples studied the presence of cells in the cerebrospinal fluid has not 
been a factor influencing cholinesterase values. 

Pandy tests and protein determinations were carried out on 104 and 108 of 
the total of 111 cerebrospinal fluid samples, respectively. ° Comparisons with 
cholinesterase values are given in Table IV. There is a suggestion that with 


TABLE IVA 


COMPARISON OF CEREBROSPINAL FLUID PANDY REACTIONS 
WITH CHOLINESTERASE VALUES* 






































0 + 1+ 2+ 
Reaction Reaction Reaction Reaction 
Number of samples 57 18 19 9 
ChE rates (cu. mm. CO2/ml./min.) 
ACh 0.38 0.43 0.38 0.41 
MeCh 0.13 0.15 0.13 0.11 
BCh 0.06 0.07 0.07 0.09 
ChE ratios 
MeCh/ACh 34 34 34 27 
BCh/ACh 16 16 19 22 
* The one sample with 3+ reaction is omitted. 
TABLE IVB 
ComPARISON OF CEREBROSPINAL FLUID PROTEIN LEVELS 
WITH CHOLINESTERASE VALUES 
0-20 20-35 35-50 Over 50 
mgm. % mgm. % mgm. % mgm. % 
Number of samples 26 45 20 17 
Average protein level (mgm. %) 15.8 25.7 42.6 76.9 
ChE rates (cu. mm. CO,/m!./min.) 
ACh 0.32 0.39 0.43 0.43 
MeCh 0.11 0.13 0.14 0.12 
BCh 0.04 0.07 0.07 0.10 
ChE ratios 
MeCh/ACh 34 33 33 28 
BCh/ACh 13 17 16 23 




















more strongly positive Pandy reactions there is a relative decrease in the 
specific cholinesterase fraction (MeCh activity) with a corresponding increase 
in the unspecified fraction (BCh activity). At abnormal protein levels (over 
50 mgm. %) there was also a relative increase in the unspecified cholinesterase 
fraction and a decrease in the specific fraction. The Pandy test does not 
necessarily correlate with the cerebrospinal fluid protein level, but it is usually 
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positive when protein values are increased. Cohn et al. (17) have reported 
that serum (unspecified) cholinesterase is carried in Cohn’s plasma protein 
fraction IV-6, which is 95% alphag globulin and 5% albumin. Our results 
suggest that a significant portion of the increase in protein may be globulins, 
admitted because of altered permeability of the meningeal and cerebral 
vessels. The difficulty in attempting to correlate protein and cholinesterase 
values in the cerebrospinal fluids lies in the facts that both constituents 
represent mixtures of at least two fractions and that there are no satisfactory 
methods for studying the individual fractions separately. Because of the 
small number of abnormal samples it has not seemed justifiable to emphasize 
the possible significance of correlations of cholinesterase values with Pandy 
tests and protein levels further. 


3. Correlation of Cerebrospinal Fluid Cholinesterase Values with Clinical 

Diagnoses 

Average cerebrospinal fluid cholinesterase values for the various diagnostic 
groups are given in a previous paper (47, Fig. 1). Our primary interest has 
been investigating possible biochemical abnormalities in epilepsy, so that 47% 
of the patients fell into that group. Because of the small numbers in each of 
the other diagnostic groups no separate tabulations seemed justified with the 
exception of those shown. Rates of acetylcholine hydrolysis and cholin- 
esterase fraction patterns for the various diagnostic groups were not signi- 
ficantly different with two exceptions. In cases of craniocerebral trauma the 
rate of acetylcholine hydrolysis was less than in other groups. And in these 
cases, as well as those treated by electric shock convulsant therapy (E.C.T.), 
there was a decrease in the specific cholinesterase fraction (MeCh activity) 
and a marked increase in the unspecified cholinesterase fraction (BCh activity). 
Of the samples, 70% in these two groups showed reversals of the usual cholin- 
esterase fraction patterns, whereas less than 10% of the remainder showed any 
tendency toward such reversals. There was a definite correlation between 
the extent of the cholinesterase abnormalities and the degree of trauma. 
From these observations, together with electroencephalographic, clinical and 
cerebrospinal fluid acetylcholine findings, we have considered it justifiable to 
differentiate cases of craniocerebral trauma from the other patients studied. 
A detailed report of these cases will appear elsewhere (47). Detailed analysis 
failed to show any significant correlation of cerebrospinal fluid cholinesterase 
values with epilepsy or the epileptic seizure in our cases.* 


4. Cerebrospinal Fluid Cholinesterase Activity at Substrate Concentrations in the 
“Physiological Range”’ 


The finding of 0.02 to 100+ ywgm. % of acetylcholine in the cerebrospinal 
fluids of epileptic and craniocerebral trauma patients (47, 48, 18) in the 


* Because Pope et al. (38) had reported increased cholinesterase activity in tissues from 
experimentally produced focal epileptogenic lesions, it seemed that some changes might be expected 
in cerebrospinal fluid cholinesterases as well. No differences were uncovered among the types of 
epilepsy, seizure frequency, types of spinal fluid samples, presence or absence of acetylcholine in 
samples, or the level of acetylcholine present in the cerebrospinal fluid (18, 48 ). 
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presence of cholinesterase activities capable of hydrolyzing an average of 
3 wgm. of acetylcholine per ml. per min. (300 uwgm. % per min.)* seemed 
paradoxical. Bender (5) had predicted that probably not all the acetylcholine 
present in the cerebrospinal fluid would be inactivated by the concentrations 
of cholinesterases present. Nachmansohn and Rothenberg (32) have shown 
that the specific cholinesterase of nervous tissue has an optimal substrate 
concentration (about 10-? molar for ACh) and that at higher or lower substrate 
concentrations the cholinesterase activity drops off markedly. In our studies 
the final acetylcholine concentrations used in cholinesterase determinations 
were about 125,000 times the average of 1.0 ugm. % acetylcholine in epileptic 
cerebrospinal fluid samples (48, 18). 


Accordingly a series of experiments was carried out to test the cholinesterase 
activities of cerebrospinal fluids at optimal substrate concentrations and at 
concentrations down to those actually encountered in clinical experience. 
Fig. 5 shows the curve derived from these experiments. At substrate con- 
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Fic. 5. Curve of variation in cerebrospinal fluid cholinesterase activity with substrate 
concentrations. Rates of ACh hydrolysis plotted against final substrate concentrations. 
( e = Warburg method; x = Venus heart method.) 


- 


centrations below 150 ugm. % the manometric method is no longer able to 
detect cholinesterase activity. For this range a modification of the method 
of Bullock et al. (14) was used.** From this set of experiments it seems clear 


* Cholinesterase activity of 1.0 cu. mm. carbon dioxide per ml. CSF per min. is equivalent 
to hydrolysis of 7.3 ugm. of acetylcholine per ml. CSF per min. 


** Amounts of acetylcholine to give final concentrations of 0.2 to 4.0 ugm. % were added to 
cerebrospinal fluids, previously shown to be free of acetylcholine. The samples were incubated at 
37 .5° C. for one hour. Control samples were taken at the start of the experiments and at 30 and 
60 min. intervals of incubation time. Residual acetylcholine concentrations were preserved by the 
method of Tower (45) until they could be assayed on the isolated ventricle of Venus mercenaria 
(46). No attempt was made to control all the factors involved such as pH, loss with bicarbonate 
and the like, but results in 12 experiments were sufficiently consistent to make us feel that the 
method served the purposes of this study. 
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that at substrate concentrations in what may be termed the “physiological 
range” the cholinesterase activity of cerebrospinal fluids in most cases was 
zero. These findings are consistent with those of Nachmansohn and Rothen- 
berg (32, Fig. 2). We conclude that the activities of cerebrospinal fluid 
cholinesterases were not significant factors in assays for cerebrospinal fluid 
acetylcholine, which we report elsewhere (47, 48, 18).* 


Discussion 


That specific cholinesterase is the principal fraction of human cerebrospinal 
fluid is of interest. Mendel and Rudney (31) and Nachmansohn and 
Rothenberg (32) have shown that the cholinesterase of nervous tissue is 
specific cholinesterase. It is noteworthy that the enzyme in cerebrospinal 
fluid,.which bathes this tissue, should also be specific cholinesterase. This 
may throw further light on the sources of cerebrospinal fluid and its usefulness 
in reflecting events in the central nervous system. Since the red cell is the 
only extraneural source of specific cholinesterase (31, 40, 32), it seems probable 
that the source of specific cholinesterase in cerebrospinal fluid is the central 
nervous system. The enzyme is a protein, and it follows that one fraction at 
least of the spinal fluid protein is contributed by nervous tissue. This is not 
a new concept, and certainly the studies of Spiegel-Adolph (43), Spiegel et al. 
(44), Sawyer (41), Hyden (27, 28), and Hamberger and Hyden (24) support 
this view. 


Since there is little or no unspecified cholinesterase in nervous tissue, its 
presence in the cerebrospinal fluid suggests an extraneural source and the 
same for the protein fraction in which it is carried. The finding of increased 
unspecified cholinesterase fractions with positive Pandy tests and abnormally 
high protein levels (particularly in cases of craniocerebral trauma) complement 
one another to indicate a probable increase in the contribution of the extra- 
neural protein fraction or fractions, which is presumably due to alterations in 
permeability of the blood-brain barrier. The recent report of Kabat et al. (29) 
fits in with this concept. In addition in craniocerebral trauma the specific 
fraction of cerebrospinal fluid cholinesterases is reduced. These observations 
have led us to suggest that cerebrospinal fluid cholinesterases may be sensitive 
indicators of certain abnormalities of central nervous system function (47). 


One other interesting problem is revived by this study, namely, the problem 
of cholinesterase excess in the central nervous system (20). The presence of 
amounts of specific cholinesterase apparently more than sufficient to hydrolyze 
all the acetylcholine that might be liberated into it has puzzled neurophysio- 
logists. Free acetylcholine has been reported in the cerebrospinal fluid by a 
number of investigators (19, 1, 33, 15, 12, 6, 13, 35, 9, 10, 11, 26, 47, 48, 18). 
The explanation of this apparent paradox, as far as the spinal fluid cholin- 
esterases are concerned, has been offered in this study. It depends on the 

* Since completion of this paper the exhaustive review of cholinesterases by Augustinsson (4(b)) 


has been published. The experimental observations reported by him for tissue and blood cholin- 
esterases corroborate and expand the findings and conclusions presented here for cerebrospinal fluids. 
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fact that at suboptimal concentrations of substrate in the “physiological 
range’ specific cholinesterase activity is markedly reduced or absent. 
Nachmansohn and Rothenberg (32) have shown that a similar situation 
exists in nervous tissue, but this seems to have been overlooked. The results 
of our experiments suggest the importance of the same approach to the study 
of specific cholinesterase activity of nervous tissue. 


We raise the possibility that the apparent excess of cholinesterase is not an 
excess at all, but that it is the amount necessary to deal with suboptimal 
acetylcholine concentrations usually encountered. The fact that the optimal 
substrate concentration for the enzyme is far above conceivable physiological 
ranges is intriguing. Could it be that the enzymes serve another purpose, 
that of dealing with massive amounts of acetylcholine liberated under certain 
pathological conditions? It might be logical to think of specific cholinesterase 
as possessing these dual functions to cover an extensive range of substrate 
concentrations (47). Certainly a critical review of the role of specific cholin- 
esterase in neuronal activity is indicated. 
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SOME EFFECTS OF DIISOPROPYL FLUOROPHOSPHATE (DFP) 
AND FLUOROACETATE ON THE CENTRAL 
NERVOUS SYSTEM! 


By ANDREW KELEN AND DONALD MCEACHERN 


Abstract 


Attempts were made to produce convulsions in cats by intracarotid and intra- 
cisternal injections of diisopropyl fluorophosphate (DFP). No convulsions 
were obtained in either instance. Systemic symptoms appeared, however, and 
plasma cholinesterase was sharply reduced. Intracarotid DFP produced 
prolonged ipsilateral myosis and salivation. E.E.G. changes on the side of the 
injection were found in one of two trials. Intracisternal DFP caused prolonga- 
tion (threefold) of the pentothal anesthesia. The animals, upon awakening, 
showed a temporary loss of sensation in the forelimbs and cornea with weakness 
of the hind limbs and a waddling gait. Intracisternal fluoroacetate produced 
curious generalized seizures. These were classified as scissors spasms, scratching 
seizures, and myoclonic jerks. They appeared after about three-quarters of 
an hour, in contrast to the latent period of two to three hours after intravenous 
injection. Seizures persisted for hours unless stop with nembutal. Cerebro- 
spinal fluid (CSF) was tested for acetylcholine (ACh), the minimum amount 
detectable during our experiments being 0.4 to 3.0 uwgm. %. After intravenous 
injections of 1.5 mgm. per kgm. of DFP preceding convulsions produced by 
thujone, small amounts of ACh appeared in three out of four experiments. 
Intravenous injection of 5.0 mgm. per kgm. of DFP resulted in 3.0 ugm. % of 
ACh in the CSF. No ACh was found after the other procedures described. 


Introduction 


The production of epileptic seizures through excess accumulation of 
acetylcholine (ACh) in brain tissue would be of great interest. It is natural 
to seek one common mechanism that might mediate convulsive seizures of 
many different kinds. The acetylcholine-cholinesterase system naturally 
comes to mind. The possibility that ACh is responsible for normal synaptic 
transmission in the brain is supported by considerable evidence. This has 
been reviewed by Feldberg (16) and Nachmansohn (29). 

Cholinesterase (ChE) activity is increased in tissue from focal epileptogenic 
cerebral cortex in humans and monkeys. This suggests that the rate of 
liberation of ACh in such tissue is greater than normal (34). Recent studies 
have demonstrated the presence of ACh in the cerebrospinal fluid (CSF) of 
humans who have frequent epileptic seizures (12). ACh may therefore have 
a significant role in the production of convulsions. We have tried to produce 
a chronically epileptic animal by injecting the anticholinesterase diisopropyl 
fluorophosphate (DFP) into the carotid artery of cats. We hoped to restrict 
the action of this potent chemical to the brain, or even to one hemisphere of 
the brain, and thus to avoid its systemic effects. Any passage of DFP into 
the general circulation could be determined by the blood ChE levels before 
and after injection of the drug. 


1 Manuscript received December 2, 1948. 


Contribution from the Department of Neurology and Neurosurgery, McGill University, 
and the Montreal Neurological Institute, Montreal, Que. 
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In other experiments, DFP was injected into the cisterna magna, again with 
the object of restricting its action to the brain. 


Intracisternal injections were also carried out with sodium fluoroacetate, 
a drug that is known to produce seizures in some animals when given 
systemically (9). 


Finally, experiments were made to determine the presence of ACh in the 
CSF of animals following injection of DFP and fluoroacetate, and after seizures 
produced by metrazol and thujone and by electric shock. 


Methods* 
1. Carotid Artery Injections 


Using aseptic precautions and with the test animals under nembutal 
anesthesia (32 mgm. per kgm. of body weight), DF P** was injected into the 
exposed common carotid artery of six animals in amounts varying from 0.9 
to 1.8 mgm. per kgm. The DFP was in an M/100 solution in propylene 
glycol. Immediately before injection, the DFP solution was diluted to 10 
ml. with normal saline. A seventh cat was given a solution of propylene 
glycol without DFP, as a control. 


2. Cisternal Injections 


Cats were anesthetized with sodium pentothal (20 to 25 mgm. per kgm. 
intravenously). The back of the head and neck were shaved and CSF was 
withdrawn from the cisterna magna and replaced by freshly prepared solutions 
of DFP or sodium fluoroacetate*** ranging from minimal to lethal doses and 
contained in 1 ml. of normal saline or bicarbonate—Ringer solution. Control 
injections of saline and bicarbonate—-Ringer solution were made. A second 
cisternal puncture was made under nembutal anesthesia (22 mgm. per kgm.) 
from 15 min. to five hours after the first puncture, and CSF was removed for 
ACh assays. Control assays were done on CSF drawn prior to intracisternal 
injections in 12 experiments. 


3. Cholinesterase Determinations 


Venous blood from the antebrachial cephalic vein was collected before 
injection of DFP and 24 hr. thereafter. The ChE activity was measured 
with the Warburg apparatus by the method of Ammon (2) and Odom et al. 
(33) using ACh as substrate. 


ChE activity was taken as the volume of carbon dioxide in cu. mm. produced 
in 60 min. by 1 ml. of undiluted enzyme preparation. Decrease in ChE 
activity after DFP injection was expressed as the percentage of the preinjection 
level. Compensation was made for autohydrolysis of the ACh and for 
barometric and temperature variations. 


* Cats were used in all experiments. 
** DFP was obtained from the Army Chemical Center, Maryland, U.S.A. 
*** Sodium fluoroacetate was obtained from Dr. E. S. G. Barron through Dr. K. A. C. Elliott. 
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The red cell ChE activity reflects better than does the plasma the activity 
of the brain ChE. At least this is true for the rat, rabbit, monkey, dog, and 
man (22, 24, 31) and probably also for the cat. Difficulty was experienced 
in the measurement of the cat red cell ChE because of the very low values 
found even before the injection of DFP. A suitable method was developed 
and was used in the later experiments. 

The red cells were washed twice in bicarbonate—Ringer and then hemolyzed 
in 0.024 M sodium bicarbonate in a volume twice that of the whole blood 
from which they were taken. The “ghosts” were then homogenized by the 
instrument of Potter and Elvehjem (35) and 0.5 ml. of the homogenate was 


placed in the side arm of the vessel. The procedure was then the same as for 
plasma. 


4. Acetylcholine Assays 

The presence of ACh in the CSF was determined with the isolated ventricle 
of Venus mercenaria according to the method of Wait (39) and Tower and 
McEachern (38). Samples of CSF showing ACh were submitted to hydrolysis 
and tested again as further identification. To the CSF was added 0.1 NV 
sodium hydroxide, the mixture was boiled momentarily, and then neutralized 
with 0.1 N hydrochloric acid. 

ACh detectable in the original CSF varied from 0.4 to 10 ugm. %. Clam 


heart preparations sensitive to 3 ugm. % or less were used. CSF samples 
were preserved by the method of Tower (36). 


5. Metrazol and Thujone Seizures 

Metrazol (pentamethylentetrazol) and thujone were used to produce 
seizures by intravenous injection. An ampoule of 10% metrazol was diluted 
one-third in water, and an amount containing 17 mgm. per kgm. was injected 
rapidly. Thujone was prepared as a 1% emulsion in 6% gum acacia, and 
0.7 ml. per kgm. of the emulsion was injected rapidly (21). Both drugs in 
these quantities produced violent convulsions lasting 15 to 45 sec. Thujone 
was also given following a previous injection of DFP. CSF for ACh deter- 
minations was removed 15 to 50 min. following the onset of seizures. 


6. Electric Shock 

Single a-c. shocks of 130 v., 0.3 sec., were given through bitemporal 
electrodes with a Rahm electroconvulsive therapy machine; d-c. shocks of 
85 to 145 v., 2 to 9 sec., were given to other animals. CSF for ACh deter- 
minations was removed two to three hours following the shocks. 


7. Electroencephalograms 


Cortical potentials were recorded in two of the intracarotid DFP experi- 
ments. The cat was put to sleep with pentothal. Four steel electrodes, 
made from Kirschner wire, were sharpened at one end and insulated with 
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Tygon to the tip and were placed symmetrically into the skull. Bipolar 
recordings were taken with an ink-writing electroencephalograph whose 
frequency response was 0.5 to 40 cycles between the 30% attenuation points 
and whose over-all linear amplitude was 1.5 cm. 


Results 


1. Carotid Artery Injections of DFP (see Table I) 


During the injection there was a series of prolonged twitches of the muscula- 
ture about the incision. In the control only very slight twitches were seen. 
In two of the experiments the artery dilated to almost twice its size during 


TABLE I 


INTRACAROTID INJECTIONS OF DFP 





a 











Immediate effects Later effects % Normal ChE 

. DFP . r 
No. . : : Ipsilaterai : 
mgm./kgm. | Dilat. of | Muscle | Ipsilateral | “F° Ipsilateral 

artery | spasm | salivation gy tremor Plasma | RBC 
8 0 No Slight | No “1 No No 100 —- 
2 0.9 No No Yes 18 days No 24 —_ 
4 0.9 Yes Yes No No Yes 35 32 
5 1.35 Yes Yes Slight 24 hr. Yes 14 15 
6 1.35 No Yes Slight 2 hr. Yes 15 20 
7 1.63 No Yes Profuse 6 days Yes 13 0 
3” 1.80 No Yes Profuse Intense Yes 17 4 





























* The animal in this experiment died in 24 hr. 


the course of the injection. Salivation began a few minutes later, and, when 
the dose was relatively high, it lasted for several hours. In all but one there 
was a pronounced constriction of the pupil on the side of the injection. This 
ipsilateral myosis lasted from hours to days. Intermittent tremor of the 
limbs and trunk appeared half an hour after the injection and lasted for hours. 
Plasma ChE levels were low 24 hr. after DFP, in proportion to the amount 
injected (Table 1). Red cell ChE levels were not measured in all experiments 
but they too were reduced considerably after DFP injection. The drug had 
therefore passed through the brain and into the systemic circulation. 


In two of the experiments electroencephalograms (E.E.G.’s) were made 
before and 30 hr. after the injection. In one, 1.63 mgm. per kgm. of DFP 
had been given and there were E.E.G. abnormalities consisting of rapid sharp 
waves that came only from the side of the injection (Fig. 1). The other 
animal, which had received 1.35 mgm. per kgm. of DFP, showed no E.E.G. 
changes at the time the record was made. No clinical seizures were observed 
at any time. 
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Fic. 1. Electroencephalographic changes following injection of DFP. Experiment 
DFP-7, 1.63 mgm. per kgm. of DFP injected into right carotid artery. A, preinjection 
control. B, 30 hr. after injection. 


2. Intractsternal Injections of DFP 


When a minimal dose was injected there was no immediate response. With 
a larger dose the depth of anesthesia was increased, as shown by loss of 
muscular tone and lack of response to stimuli. The duration of anesthesia 
was about three times that to be expected from the amount of pentothal 
used. This was very striking. Increased rate and depth of respiration 
followed within a few minutes in five of these experiments. Salivation, 
lachrymation, nystagmoid movements of the eyes, and twitching of the 
whiskers, all of short duration, were frequently seen in the first 10 min. 
Obviously the drug was affecting the brain-stem nuclei. When death occurred 
it was from respiratory failure. This was attributed to local action of the 
drug on the medulla. 


Muscular tremor was noted within two hours of injection and lasted inter- 
mittently for one or two hours. The tremor resembled fasciculation. 


When a forelimb of a conscious or even lightly anesthetized cat is pinched 
with forceps, or when the cornea is gently touched, there is usually a quick 
response. A diminished or absent response to this stimulation is described 
as sensory loss in Table II. It was a constant finding that persisted for many 
hours and sometimes for days. 


Waddling gait with weakness of the hind limbs was observed in nine of the 
experiments after a sublethal dose of DFP. The animals showed ataxia 
upon awakening, and it was attributed to the anesthetic. However, the 
ataxia persisted for twice the usual time when DFP had been injected. 

Plasma and red cell ChE dropped sharply from the preinjection levels and 
indicated that the DFP was absorbed into the general circulation. 
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TABLE II 
INTRACISTERNAL INJECTIONS OF DFP 
Summary of 23 experiments 








No. of DFP, Early effects Later effects % Normal ChE 
expts. mgm. /kgm. (within 10 min.) (within two hours) ainiees ane 








6 0-0.012 None None 90-100 -- 
13 0.086-0.240 Deepened anesthesia Tremors 22-51 46-91 
Hyperpnea Sensory loss 
Salivation Weakness of hind limbs 
Lachrymation Waddling gait 


Nystagmoid eye movements 
Twitching of whiskers 


4 0.214-0.272 Deepened anesthesia 8-24 — 
Apnea and death by 
respiratory failure 




















3. Intracisternal Injections of Sodium Fluoroacetate (see Table III) 

Increasing doses (up to 0.005 mgm. per kgm.) were given in six experiments 
but produced no definite effects. In the next 17 experiments 0.028 to 0.279 
mgm. per kgm. was injected and definite effects were observed. These were 
of three main types and are here described as “‘scratching seizures’’, ‘‘scissors 
spasms” of the forelimbs, and myoclonic jerks. Usually two of the three 
appeared in the same animal and would continue for some hours until the 
animal was exhausted or the convulsions were stopped with nembutal. 

“Scratching seizures’’ appeared in 11 of the 17 experiments listed in Table III, 
and the average time of onset was three-quarters of an hour after injection. 


TABLE III 
INTRACISTERNAL INJECTION OF SODIUM FLUOROACETATE 


Summary of 23 experiments 











eo. of Sodium Average time 
to fluoroacetate, Effects noted of onset after 
— mgm./kgm. cisternal puncture 
6 0.00002-0.005 Occasional twitch (not attributed to 
ium fluoroacetate) 4 hr. 
17 0.028-0.270 1. “Scratching seizures” 2 hr. 
2. “Scissors spasms’’ of forepaws 1 hr. 
3. Myoclonic jerks - we 














At first the animal would briefly and accurately scratch the shaved area on 
the back of its neck with one or the other hind foot. This was repeated with 
increasing frequency, more and more violently, and with greater amplitude 
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but less accuracy. A sustained opisthotonic or lateral contortion of the 
trunk accompanied the scratching. Finally the movements became almost 
continuous, with perhaps a half-minute interval occurring every three minutes. 


By the ‘“‘scissors spasm”’ is meant a tonic crossed adduction spasm of the 
forelegs, usually with the neck forcibly flexed. This lasted for several seconds 
and frequently heralded a scratching seizure. The “scissors spasm’’ appeared 
on an average one hour after cisternal injection and was seen in 12 of the 17 
experiments. 


Myoclonic jerks of the extremities or trunk appeared in over half of the 
animals, usually after a latent period of two hours. Sometimes they appeared 
after the scratching seizures or scissors spasms were well established, and 
then the myoclonic jerks gradually replaced the other phenomena as the chief 
manifestation. In other animals myoclonic jerks alone were seen. Death, 
when it occurred, was by respiratory arrest. 


Sodium fluoroacetate (0.090 to 0.270 mgm. per kgm.) was also given by 
vein to five cats. After a latent period of two to three hours, either myoclonic 
jerks or tonic seizures were seen, but none like the scissors spasm or the 
scratching seizures. The earlier occurrence of seizures following intracisternal 
injection, and also their different character, are worthy of note. 


The peculiar scratching seizures were investigated further. Some cats with 
shaved necks tend to scratch themselves mildly and fleetingly, especially upon 
awakening from the effects of an anesthetic. This may occur irrespective of 
what has been injected into the cisterna. The scratching seizures observed 
by us, however, were characterized by their violence, their duration, and their 
apparently involuntary nature. In some cases the animals did not appear to 
be conscious. In one experiment, when the scratching seizures were well 
under way, the skin of the neck in the shaved area was infiltrated with 1% 
novocaine. This had no effect upon the seizures. 


The convulsions induced by fluoroacetate were easily arrested by intra- 
peritoneal nembutal (22 mgm. per kgm.), which took effect after about 10 min. 
The animals were completely recovered by the next day. 


Cisternal fluid was examined before and two to five hours after the injections 
in five experiments but no pleocytosis was found. 


4. Presence of Acetylcholine in Cerebrospinal Fluid 


Fifty-two samples of CSF were withdrawn from the cisterna magna of 20 
cats before and/or after all types of procedures, and they were tested 
for ACh. Of these, 12 were controls, and the remaining 40 samples were 
taken at various times following the intracisternal or intravenous injection of 
the several drugs, and after electric shock. Amongst the controls, 0.4 
ugm. % of ACh was found in two samples. 


After intracisternal injections of DFP in high doses ACh was detected in the 
CSF in two out of five experiments. In one of these the original sample 
contained no ACh; four hours after injection (0.220 mgm. per kgm), 0.4 














KELEN AND McEACHERN: EFFECT OF CERTAIN DRUGS ON CENTRAL NERVOUS SYSTEM 153 


ugm. % of ACh was found. In the other experiment the control sample 
contained 0.4 wgm. % ACh; 15 min. after injection (0.261 mgm. per kgm.) 
the amount had increased to 1.0 ugm. %. 

In seven experiments convulsant doses of sodium fluoroacetate were injected 
into the cisterna magna. CSF taken during the height of the seizures showed 
ACh in only one, and the control sample contained the same amount (0.4 
ugm. %). 

When a lethal dose of DFP by intravenous injection (5 mgm. per kgm.) was 
given, 3.0 ugm. % ACh was found in the CSF 10 min. later. Sublethal doses 
in four experiments produced no detectable ACh in samples drawn 30 to 60 
min. later. 

ACh was not found in any of three experiments where sodium fluoroacetate 
was injected by vein in doses that produced seizures (0.200 to 0.270 mgm. per 
kgm.). Neither did convulsions produced by metrazol (five experiments) or 
thujone (five experiments) increase ACh in the CSF to amounts that could be 
detected. 

In four experiments convulsions were induced with thujone about one hour 
after DFP was injected intravenously, both drugs in amounts that had not 
produced ACh in detectable quantities in the CSF in previous experiments. 
In three of these experiments ACh was found to be present in the CSF 15 to 
30 min. after the convulsion, in quantities ranging from 0.4 to 2.0 ugm. %. 

Finally, ACh was not found in six experiments when seizures were produced 
by electric shock. Perhaps the presence of an anticholinesterase is necessary. 

In these experiments the presence of ACh was detected only when the 
threshold of sensitivity of the clam heart happened to be at the lowest in the 
series (0.4 wgm. %). When there was no response to a particular sample of 
CSF the ACh content was reported negative. There may have been ACh 
present, however, in amounts that could only be detected by a more sensitive 
test preparation. . 


Discussion 


It is known that brain tissue can synthesize ACh through its choline- 
acetylase enzyme system (30). ACh, or the anticholinesterase drugs eserine or 
neostigmine, can produce electrical evidence when applied locally to brain 
cortex in suitable concentration (8, 25, 27). ACh and eserine can produce 
somatic effects when applied to the brain in various ways (25, 26). ACh 
has also been recovered from the CSF of animals and humans after convulsive 
seizures (12, 37). Atropine sometimes prevents these central cholinergic 
phenomena, but its inability to do so should not rule out a basic cholinergic 
mechanism. 


Injections of DFP 

DFP (18, 19, 40) when injected in various ways does affect the electro- 
encephalogram. But it seems clear that, when injected in sublethal quantities 
into the carotid artery or the cisterna magna of cats, it does not produce a 
lasting convulsive effect. 
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Salivation and myosis following intracarotid injection of DFP in our 
experiments was probably a peripheral effect in the area of distribution of the 
external carotid artery. Brassfield et al. (4) report continuous salivation 
from injection of DFP into the isolated arterial supply of the submaxillary 
gland. Ipsilateral myosis was also obtained by Himwich and Freedman (20) 
following intracarotid injection. 

The early effects following intracisternal injection of DFP are probably due 
to local action on centers in the medulla and pons near to the floor of the 
fourth ventricle. A sluggish response to pain after DFP has been described 
by Modell e¢ al. (28) who injected this substance intravenously in cats. In 
our experiments the sensory loss was confined to the forelimbs and the cornea. 
We have no explanation for this, nor for the waddling gait and weakness of the 
hind limbs. They appear to be specific effects, however, and did not occur 
with control injections. 

The strange thing is that DFP does not produce a greater effect on the 
brain. It is a lipoid-soluble substance, yet in our experiments, when it was 
injected so as to place it in close proximity to the brain it did not produce the 
results that might be expected. In fact, it passed through the brain and, in 
proportion to the injected amount, produced a lowering of plasma and red 
cell ChE in the systemic circulation. 


Injections of Sodium Fluoroacetate 


The action of this drug shows marked species variability (9). In dogs and 
guinea pigs it has an effect primarily on the central nervous system; in cats 
and rhesus monkeys it produces both a cardiac and a nervous system response; 
in rabbits and goats it affects chiefly the heart. By administration into the 
cisterna magna of cats we attempted to produce a more selective action on the 
brain. 

Chenoweth and St. John (10, 11) obtained wave and spike forms of E.E.G. 
activity resembling that of petit mal when they injected fluoroacetate directly 
into the cerebrum of the rabbit through a burr hole in the skull. They infer 
(11) that fluoroacetate is incapable of traversing the blood-brain barrier in 
this animal. Disturbance of electrical activity in the brain appeared with a 
much shorter latent period following intracerebral injection. This agrees 
with the relatively short latent period (three-quarters of an hour) following 
intracisternal injection in our own experiments. When the drug is given 
intravenously there is a latent period of two to three hours before convulsant 
effects appear. The still considerable period that constantly precedes the 
cerebral action of fluoroacetate, even when given intracisternally, is un- 
explained. 


Acetylcholine in Cerebrospinal Fluid 


All available reports that ACh may be found in the CSF, together with our 
own results, are summarized in Table IV. Here it is seen that as more 
sensitive methods are used ACh is detected more frequently. It is possible 
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TABLE IV 
ACETYLCHOLINE IN THE CEREBROSPINAL FLUID 
Summary of reports in the literature 
Author Subject Procedure ACh found, Test object 
vem. % 

Dikshit (15) Cat Vagal stimulation 1.0 Frog heart 
Feldberg and Dog 1. Injection of eserine 1.5 Cat's B.P. and 
Schriever (17) 2. Injection of adrenalin 2.5 frog heart 

3. Asphyxia 5.0 
Adam et al. (1) Cat Perfusion of ventricular system with | Positive; amt. Not stated 
Dog eserinized fluid not stated 
Stimulation of hypothalamus 
Chang et al. (7) Dog Vagal stimulation in eserinized animal 2.0-8.0 Leech muscle 
Bornstein (3) Cat Experimental brain trauma 2.7-9.0 Frog rectus 
Dog abdominis 
Tower (37) Dog Canine epilepsy induced by agenized 1.0 Clam heart 
flour (2 expts.) 
Nochimowski (32) Human Misc. neurological and psychiatric cases 10.0 Leech muscle 
(23 cases) 
Brecht (5) Human Meningitis; epilepsy 10-*-2 X 107 | Frog lung 
Brecht and Kummer (6)} Human Psychiatric cases (schizophrenia and 10-6 -10-1 Frog lung 
depression states) 
Cone, Tower, and Human 1. Epilepsy 0.1-5.0 Clam heart 
McEachern (12) (44 out of 56) 
2. Brain trauma 0.5-100 + 
(7 out of 20) 
3. Electric shock 0.2 and 2.0 
(2 out of 6) 
Kelen and McEachern Cat 1. Controls 0.4 Clam heart 
(2 out of 12) 
2. Intravenous DFP 3.0 
(1 out of 5) 
3. Intracisternal DFP 0.4-1.0 
(2 out of 5) 
4. Intracisternal fluoroacetate 0.4 
(1 out of 7) 
5. Intravenous metrazol or thujone or 0.0 
electric shock (15 expts.) 
that traces of ACh are always present in the CSF, even under normal circum- 


stances, and that its significance will depend upon the amount found. Quanti- 
tative determination, by a suitably sensitive test object, may reveal that the 
amount of ACh varies with the kind of experimental procedure in animals, or 
with the nature of the illness in man. The clam heart (38, 39) will detect 
0.04 uwgm. % of ACh in the CSF in its best season. The positive results 
obtained by Tower and McEachern were largely in the range of 0.5 to 2.0 
gm. %, which was just beyond the threshold of many of our test objects 
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during the summer when these experiments were carried out. The frog lung 
preparation (5, 13, 14), which requires 8 to 10 ml. of fluid to be tested, will 
detect as little as 0.000001 ugm. % in the winter months. The latter method 
is however, very delicate and time-consuming. More studies are needed to 
establish the role of ACh in the production of seizures. Its appearance in 
CSF may only be an echo of events. 

The effects of DFP are believed to be due to its activity as an anticholin- 
esterase. Previous workers (7, 17) have found ACh in the CSF following the 
intravenous injection of eserine. Hence it is surprising that ACh is not found 
until lethal amounts of the more potent anticholinesterase, DFP, are given. 
It may be that too littlke DFP is taken up by the brain to reduce the brain 
cholinesterase to the necessary level. 


These studies neither refute nor uphold the hypothesis that ACh has a key 
role in the production of seizures. Further analysis of the biochemical mech- 
anism of seizures should be carried out on brain tissue itself. 
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